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PREFACE

Bell-Northern Research is pleased to submit this Final Report
on "Electromagnetic Field Mapping of Cylinder and Missile Nosecone",
Air Force Contract No. F30602-79-C~0197, to Rome Air Development
Centre (RADC/RBCT).

This one year program has demonstrated that electromagnetic
probes can be designed with the necessary resolution, sensitivity
and accuracy for mapping complex electric and magnetic fields at UHF
frequencies within metal structures containing apertures.
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1.0 INTRODUCTION

Bell Northern Research (BNR), under contract to Rome
Air Development Center (RADC) has carried out a two-part
program for electromagnetic field mapping:

(a) First, using the EM probing methodology
previously developed at BNR, techniques and
instrumentation were devised to measure the
total vector electric (E) and magnetic (H)

fields 1inside metallic enclosures in the
frequency range of 225 MHz to 400 MHz and

(b) In the second part of the program, these
techniques and instrumentation were applied to
the mapping of E and H fields within the two
metallic enclosures described in this report.

The instrumentation developed by BNR was required to
meet the following design objectives:

Frequency range 225-400 MHz
E~-field strength 0.19-200 V/m
H-field strength 0.0005-0.52 A/m
Field gradient 10 dB/cm (or more)
Spatial resolution +0.5 cm

Accuracy +1 dB

Free of resonance in the range 225-400 MHz

1.1 Backgrourd

Measuring electromagnetic field distributions yields
accurate results without the need to make assumptions
about the enclosing structure or to develop mathemstical
approximations of complex shapes. On the other hand,
there can be severe or even insurmountable physical
difficulties to apply the technique within metallic
enclosures containing many obstacles.

Prediction techniques avoid this problem and can
readily be applied to many complex geometric structures.
However, before using a prediction technique with
confidence, it is necessary to verify by measurement that
the mathematical model accurately portrays reality. It
is also useful to learn by measurement which parameters




utilized in the model are most ' sensitive - that 1is, in
which cases will small changes 1in parameter value have a
significant impact on model results.

The measurement objectives set by RADC which are
summarized in paragraph 1.0 were based upon the need to
obtain experimental verification for recently developed
mathematical modeling techniques developed by Taflove

[1].

This is 1in response to the need for improved high
resolution field prediction and measurement techniques in
the UHF frequency rarge. Two "standard cylindrical
corfigurations" were wused in comparing various field
peretration results. These are described as:

a) Right Circular Aluminum Cylinder, closed ore
end, 27-3/16" long by 7-3/16" diameter.

b) Empty shell of guidance, control, and telemetry
section of a missile, subsequently referred to
as a "rosecore" as field mapping takes place in
this forward section.

The configurations used to obtain the measured
results in this report are the identical configuratiors
described in reference [1].




2.0 APPROACH

The approach was to use miniature dipole ard loop
antennas 1incorporating detector diodes. This approach
permitted the wuse of a non-perturbing, high-resistance
transmission line o transmit demodulated sigrals to a
sigral conditioner outside the field measurement zore.

Selection of key elements was carefully optimized ir
order to meet the requirements for both high sensitivity
and high spatial resolutior ir the UHF frequercy bard.
These stringent requirements for - sensitivity ard
resolution were recessary in order to accurately measure
the complex fields within metallic enclosures such as
weaporn system casings.

1o

-1 Corsideratiors in Electromagretic Field Mappirg

r.

The design of a high performance electromagretic
field mapping system for use in the UHF frequency rarge
must cornsider several important factors.

The need for high sensitivity must be carefully
balanced against the conflictirng need for high spatial
resolution. The E-field antenna desigr ir this case uses
a biconrnical dipole in conjurction with a zero-bias
schottky diode in order to achieve the required
sensitivity at a maximum permissible sensor dimensior of
ore centimeter. For a given physical lergth, the
biconical design exhibits a high antenra effective length
ard low source impedance, which allow a higher sigral to
be developed across the detector diode. The H-field
antenna employs a resonant coil structure in order to
achieve a similar goal.

Some probe requirements arise due to the very
complexity of the fields beirng measured within metallic
structures,

When these structures encounter ar. externral
radiation field, energy 1is coupled ir a complex way
through openings, slits, and seams in the structure to
produce concentrated electric and magnetic fields havirg
E/H ratios that depart radically from the usual value of
377 ohms encountered in ideal situatiors. Accordingly,
field probes must be small in order to resolve such




concentrated fields, ard must also be free from
cross-field sensitivity errors. For example, a high
magretic field could couple to ar E-field probe ir a
region of low electric field strength giving a false
readirg. Similarly a high electric field could adversely
affect an H-field probe.

Sirce the probes are used to measure orly ore vector
field at a time, it is also importart that the polar
field pattern of each probe conforms closely to the ideal
figure-eight (cosine) field patterr of an irfiritesimal
dipole (or 1loop); otherwise the total vector field
obtained by summatior of the three cartesiar coordirate
vector fields will be subject to error.

The probes and the mecharical system used ¢t=2
positior them must nrot sigrificartly perturb the very
field beirg measured. Thus, metallic RF trarsmission
cables carrot be used for measuremerts at UHF frequencies
ard for high spatial resolutions (e.g., +0.5 cm).

Fibre optic trarnsmissior from the probe was also
ruled out because of the difficulty 1ir makirg ar
RF-to-optical corverter sufficiently small. Herce
detector diodes coupled to miriature dipoles ard wire
loops were used. The resultirg dc sigral developed
across the diode is transmitted via high resistarce (ore
kilohm per cm. or greater) cornductors out of the field
measurement zorne to an appropriate high-impedarce dc
amplifier.

All mechanrical parts used withir the field
measurement zone must be non-metallic arnd have the
smallest size corsistent with accurate positioring. This
cornstraint can present desigr difficulties. For example,
reactive torques developed 1in a carriage pulley drive
system can impart a bending moment or long plastic shafts
causing deflection; also, using orly rorn-metallic
fasteners severely 1limits the clampirng forces available
in small rnon-metallic assemblies.

The illuminatior system itself may produce radiation
at harmoric frequencies. This radiation may cause a
problem in regiors withir the objects under test where
high field atternuatiorn exists at the illumirating
frequency but not at harmonic frequencies. This
situation commonly occurs in coupling through apertures
in general and could give false readings where
attenuation of 40 dB or more are expected, despite taking
rormal precautions to filter the radiated sigral. The

N




technique used to minimize this problem, ar.
amplitude-modulated illumirating field, is used together
Wwith a narrow-bandwidth filter in the amplifier receiving
the signal detected from the antenna probe. In this way,
higher transmitter harmorics with multiples of the
original modulating frequency are rejected in the
amplifier.

This technique also resulted in 1less background
roise and a high signal-to-noise ratio.

Other sources of error include temperature effects,
which are controllable for the amplifier system but can
be significant 1ir the probe structures. These are
systematic errors that can be included in the probe
calibrations. It is difficult, however, to add
perturbing components to a miniscule antenna structure to
compensate automatically for probe temperature effects.
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3.1 Gereral System Descriptior

Ar. sverview of the total syzten configurétion Jased
for mapping the missiie Losecone ol the atuhioum
cylirder may be obtaired by refererce to Figures . T,
irclusive. Figure 1 depicts the missi'e rose~ ., e

irstalled ir EBNR's RF arechoic c¢hamber in - wi2ien
support rack of peg~and-dowel corstruction.
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Fig. 1 Missile Nosecone in Position tor Field HMapping
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Figure 2 shows the rusecore removed from the missile,
revealirg the probe carriage which is holdirg the E-field
probe. '

Vige 2 View of Forward Section of Missile with Nosecone
Removed Showing Probe Mounted on Carriage
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Figure 4 shows the probe sigral corditiorer, installed ir
the missile telemetry sectior, with corductive plastic
probe trarnsmissior lire leads corrected to the "ir®
termirals, a fitre optic linrk corrected to the "out"
terminal, ard & preumatic actuator for remote switchirg
of amplifier sersitivity.

Fig. 4 Rear View of Missile, Showing Signal! Conditicner Installed
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3.2 Electric Field Probe Desigr

The E-field probe developed under this cortract is a
small, balanced dipole anterrna havirg a 1lergth of one
centimeter. The antenna incorporates a zero-bias
schottky-diode detector which demodulates the received
radio-frequency sigral. The demodulated sigral is fed to
a remote electroric signral corditiorer via a high
resistance trarsmissior 1link which provides a high
atteruatior to radio frequency sigrals but permits
low-loss trarsmissior of dc or 1low frequency audio
sigrals. The use of this high resistarce link mirnimizes
the perturbatior of the fields being measured and at the
same time provides isolatior of RF sigrals between the
probe ard its associated electrorics. The fundamertals
of this techrique were first described by Greer [2], ard
subsequently by several other irvestigators [7,8].

This sectior treats the subject of the design of a
probe having high sersitivity (better thar 0.2
volt/meter), high spatial resolutiorn (better thar 0.5
cem), wher. used for electric field mapping applications irn
corfired metal cylinders 1in the aerorautical UHF band
from 225 to 400 MHz.

The mappirg applicatior described hereirn employed
amplitude-modulated RF illumiratior, thereby allowirg the
use of a tured amplifier to improve the sigral-to-roise
ratio. However, the probes can be wused 1irn other
applicatiors to measure urmodulated sigrals ard are
discussed ir this broader cortext.

The arternrna may be represerted by an equivalert
Theverir voltage source e which wequals the antenra
oper-circuit voltage reduced by the capacitive voltage
divider actiorns of the anterrna distributed capacitarce Ca
ard the diode detector circuit distributed capacitance
Cd. The equivalent source impedance C.¢e 1s equal to Ca
ard Cd corrected 1ir parallel. The dc¢ 1load impedarnce is
represernted by the 1irput resistarce of the sigral
corditiorer ir series with the resistarce of the
trarsmissior lire lirk.

This simple lumped represertatior of ar essertially
distributed retwork is shownr ir Figure 7 arnd accounts for
the domirart probe characteristics measured ir the UHF
regior of irterest from 225 to 400 MHz.

e




Simplified
1 * Circuit
|
R
e . -
..pT oy cd
]
Ceff =Ca * Cq
[ lé Equivalent
. Circuit

. VAR

= Incident Field Strength, Voits/Meter

= Antenna Effective Length, Meters

= Antenna Distributed Capacitance

= Diode Distributed Capacitance

= Load Resistance

= Source Voltage of Thevenin Equivalent Circuit

= Source Impedance of Thevenin Equivalent Circuit

Fig. 7 Equivalent Circuit of E-Field Probe
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A closed~form solutior for this equivalert circuit
may be obtaired wher the diode is operating ir the square
law region where diode rectified currert is proportioral
to the square of the applied RF voltage anrd wher the
diode is operating 1ir the lirear regiorn where rectified
currert is directly proportional to applied RF voltage.

Startirg with the standard diode equatior we have:

L = Ls(exp (ﬁ%¥—) -1) (1

where:
4 = dc current flowing through the
diode, Amperes
v = dc voltage across the diode junction
resulting from dc current "{", volts
n = constant, ~ 2 for silicon
. -19
q = electron charge = 1,601 x 10 cculomb
-23 .
K = Boltzman's Constant, 1.38 x 10 Joule/ K
T = Temperature, K
Ls = saturation current

The term oxp(E%%—) may be expanded into a lavlor
series:

Accordinglv,

AL = q q\ + 1 ~ﬂl : + l __ﬂl . . (3)
s nKT J\NKT 6 \ nKT ‘-

If V is ar ac sigral, orly the even-powered terms ir
this series car produce rectification.

14




T Y

Also, if v < niT’ only the term raised to the power

of two need be considered as the sum of the remaining even-
powered terms becomes negligible.

. L 2 . "
In other words, de = iﬁ §¥ representing ''square
law" behavior. 2 n
This expression is valid with an error of 8% f
if V = nKT :
q

The error diminishes rapidly as V becomes less, and is
reduced to 0.015% when: -

q

Now, if V = (Vm cos wt - LRL) is substituted in this

simplified expression, we may solve for:

. -%T 4 Vm
ddc = 1 - (4)
L 7s q
R nKT
If L >> q oo equation (4) may be simplied to:
2 v 2
ide = 9 Vm = q Vrms
4R, nKT 2R, nKT (5)

Vrms is the root-mean square value of the rf voltage appearing
across the diode and RL is the resistance of the load across
the diode.
nKT . .
The quantity Py corresponds to the diode ac resistance
s
when y . nKT , as derived fiom the first term of equation (3).

q

Since: fLac =~ 4 A¥ if v <
s nKT q

Then diode ac resistance =~ v =
Lac

15




The RF voltage appearing across the diode may be
expressed as a furnctior of the incident electric field
strergth E (V/m), the antenra effective lergth le, the
anternra capacitance Ca and the diode Capacitarce Ccd,
multiplied by the transfer functior of the voltage
divider formed by the source effective capacitarce Ceff
ard the diode effective ac impedarce:

. nkT
v L‘a (QL )
pront T To v Bl |7 > . RE
a " (nKT R A W S A TS
P C
s Weeafr
—
200 for a 1 cm lergth bicorical arnterra with core argle
C, = 0.17 pf
CC = I ¢cm = 0.01m

for a MA 40230 schottky diode
C = -
d G2 pf, q/nKT = 20 to 30
S = 8.0 x 107° to 1,25 x 10'5\

Sow at 500 MH:z, th§ yight-hand side of ecquation (0),
which is divided by the denominator, is typically

ac,
0.7 for the above antenna and diode.

The RF Voltage across the diode

. 17 . .3
\D[ODE <TT7—T“T7) x B x .0l x 7T = 3,2 x 10 OF (7)
Then
- nkT N -3, - -
e = B [s x 10 ‘1-._-’ = 1.28 x 1072 volts (§)

at 300 MH:z

16
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These Areas During Assembly
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Film Clamping
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Colloids Type
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FR.4 With 2.02. 2.56 2-56
Capper Cladding Nylon Screw Nylon Nut
Etched as Shown,
Both Sides

Conductive TFE -
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Probe

Supporting
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Fig. 9 Maechanical Assembly of E-Field Probe
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3.3 Magretic Field Probe Desigr

The H-field probe developed under this cortract is a
small, balanced loop arterna having an inrer diameter of
0.5 centimeter. The antenna incorporates a zero-bias
schottky diode detector which demodulates the received
radio frequency signal. The constructior and use of the
probe is identical 1in all respects to the E-field probe
described in paragraph 3.2 except for the coil-diode
corfiguration and probe response to the H-field comporert
of the electromagnretic field. Magnetic field probes of
this type have been described by Green [4].

The H-field probe may be represented ir simplified
form as shown in Figure 11. An equivalent Thevenin
voltage source eois formed which consists of the anterna
open circuit voltage Mo wHAN which is further reduced by
the voltage dividing action of the diode, its correctior
capacitance and the impedance of the resorant circuit
formed by the antenna inductarnce and total stray circuit
capacitance,

21




Simplified
Circuit

R, L, C, L
c I I Equivaient
HowHA 1
_ w{C, + Cy) _ CgiCy+Cy!
e = Cett * —5¢,vc,
oL = 1/0e 2+R,2 172 a*Cd

w = Angular Frequency L, = Antenna Inductance
Mo = Permeability of Free Space R, = Effective Resistance in Antenna Resonant Circuit
H = Incident Field Strength, Amperes/Meter C4 = Diode Distributed Capacitance
A = Antenna Loop Area, Square Meters RL = Load Resistance
N = Number of Turns in Antenna Coil Ceff = Effective Antenna Capacitance Which Resonates With L,
C, = Antenna Distributed Capacitance e, = Source Voltage of Thevenin Equivalent Circuit

Fig. 11 Equivalent Circuit of H-Field Probe
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Clamping
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Monofilaments are
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Pl |
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Ff_ _{ Probe Supporting | | Drode
| La—" Arm ABS Plastic |
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b |
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Fig. 13 Mechanical Assembly of H-Field Probe Spaced Turns
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The RF voltage appearing across the diode may be
expressed as a function of the incidert magnetic field
strength H and the antenra characteristics, as follows:

@j C.)
N w
€diode = tantenna a * 7d
TmS i (wL - 1 ) + R,
_wceff
= NHA w x 47 x 1077
eantenna w
= 1.55031 x 10" % NHF
,
_ q €,- -
€4c = TR X [ dluderms]
- , .
T+ C :
= 10:2300 1 55031 x 10" *NuE,. o2 d) Lo
1 >
wL——C——— + R
Weears a
i |

L
(Note: A value of 16.2866 was used for 2nKT,
based upon diode measurements at T= 298K.)
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where:

C, = portion of coil distributed capacitance
shunting diode

Ceff = effective distributed capacitance associated
with coil self-resonance (.3365 pf)

Cd = diode capacitance (.2 pf)

H = incident magnetic field, Amperes/m

A = area of loop, mZ

w = angular frequency

F = frequency, Mllz

L = self inductance of loop =628.786 nH

N = number of turns in loop = 9

Ra = effective resistance in resonant circuit of loop

R_ =~ 160 ohms at 10°C
N 250 ohms at 20°C
415 ohms at 30°C

This estimate agrees very closely with Figure 10
which preserts measured data. The characteristic
gradually charges from a square law characteristic to a
lirear characteristic above 0.1 A/m.
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Signal Conditioning and Transmission

A nominal amplitude-modulating frequency of 550 Hz
was chosen as it was sufficiently low to avoid significant
signal loss in the one meter long resistive transmission
line comnnecting the field probes to the signal conditioner.
Actual testing was conducted at 552 Hz as this was found
by measurement to be the fixed center frequency of the
above narrowband filter.

The attenuation characteristics and design of a
resistive transmission line using conductive plastic of
a similar diameter and resistance per unit length have 7
been described by Greene {4]. The attenuation of a
one-meter length of such a line is estimated to be less
than one dB at 550 Hz. This is based upon a line
resistance of 60 Kilohms per foot {(including return path)
and a line capacitance of 10 pf per foot.

A twin-lead resistive transmission line was
fabricated by bonding the nylon jackets of two parallel
conductive monofilaments at five centimeter intervals
with an adhesive.
is described in Figures 9 and 13, This construction
provided a line of sufficient lightness and flexibility
to prevent undue mechanical strain on the delicate plastic
probe positioning mechanisms required for this non-perturbing
field mapping application. A pressure contact was used
to electrically connect this line to the field probes, as
shown in Figures 9 and 13. At the signal conditioner end

The signal conditioner, into which the signals
from the probe are fedyis a high-gain, high input
impedance audio amplifier, fixed-tuned to the modulating
frequency of the r.f. illuminating signal.

The output of the amplifier is in the form of a
pulsed optical signal whose pulse repetition frequency
corresponds to the full wave rectified average value of
the modulated input signal.

As discussed in paragraph 2-1, an amplitude-~
modulated RF illuminating field, in conjunction with
a narrow-bandwidth filter in the probe signal conditioner, ;
was used to provide a better signal-to-noise ratio by ;
eliminating the effect of unwanted harmonics in the '
received signal,
the effects of other low-frequency noise sources including
stray 60 Hz fields, electrostatic fields and cable
microphonics associated with the floating high resistance
transmission line.

This technique also helped to reduce

The monofilament material
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of the line, connection was achieved by crimping metal
connector pins onto the ends of the monofilament.
Further details on transmission line materials are
provided in appendix G.

A photograph of the signal conditioner is shown
in Figure 15. All controls and input/output connections
appear on the front panel. A power on-off switch, a
high~-low range switch with pneumatic actuator for
remote control, an input signal connector and a
connector for the fibre optic transmission cable appear
on the front panel. Two jacks are provided for charging
an internal nickel-cadmium battery pack. In order to
achieve a high degree of shielding the box is completely
sealed with a joint between the front panel and flange.

The operation of this circuit can be described with
reference to the block diagram shown in Figure 16.

Figure 17 through 19 give the input/output characteristics.

The demodulated signal from the probe, which is a
variable amplitude 552 Hz signal, is amplified by the
low-noise instrumentation amplifier consisting of two
LF353 W dual FET operational amplifiers. This amplifier
provides two ranges of sensitivity selectable by the
front panel switch.

The signal is then fed to a single stage active band
pass filter which is fixed-tuned to the centre frequency
of 552 Hz. The filter has a 3 dB bandwidth of 23 Hz and
provides more than 30 dB rejection at the harmonics of
the modulated signal.

The filter output is then fed to an AC-DC converter
which consists of an operational amplifier rectifier
filter stage.




Fig. 15 View of Signal Conditioner, Showing Contrels and

Signal Torts

'_——’——'_‘———_"—’“_—‘_"————_-_'l

Fietd I Low Noise
Sensor Amolifier Band Pass AC - DC |
l Fiiter Converter V/F Converter Optical
Link
e
.
I MC 3403P MC 3403P Analog Devices == I
' LF 353N Model 456
Resistive
Line

Fig. 16 Block Diagram of Signal Conditioner
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The DC output of this stage is ther corverted to a
0-10 KHz variable frequency sigral by a
voltage-to-frequency corverter. This corverts the output
pulses from a light emittirg diode to produce a variable
frequercy optical sigral which is then transmitted over a
fibre optic 1lirk to ar optical receiver unit. The
optical sigral is then trarsformed back to a standard TTL
level pulse trair. The pulse trair 1is fed to a stardard
frequency counter which forms part of the sigral
acquisitior system described irn paragraph 3.5.

3.5 Sigral Acquisitior ard Aralysis System

The sigral corditiorer output is fed to a frequerncy
courter which displays the sigral for moritorirg purposes
ard provides the interface to the computer for data
storage ard aralysis. The elements of ¢this system are
showr ir Figure 5 ard 6.

The mair furnctions of the computer includes: -

(i) corversiorn of the frequercy counter output,
ir Hz, to the appropriate field parameter
(V/m or A/m) by use of a probe calibratior
look-up table stored in the computer.

(ii) cor.trol of an exterral relay actuator to
sequentially step the mecharical positiorer
through the 73 positiors of the measurements
grid shown ir Figure A-1, Apperdix A.

(iii) recording, storing and printing the field
strergth measurements at each grid point.

(iv) calculations of contours of corstart field
strength by use of 1linear interpolatior for
termiral display and for hard copy.

(v) performing automatic range switchirg when
the sigral conditioner output exceeds a
giver level as shown in Figure 19 and 20.

(vi) performing signal averaging to further
improve noise rejectiorn.
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3.6 Mecharical Positiorirg System

The functiorn of the positioning system 1is to
trarslate the probes over a 5 cm X 5 om two dimensioral
scarrirg grid with 73 positions as defined in Figure A-1
of Appenrdix A. This translation is perfomed by stepper
motors ard slidirg carriage mecharisms which move in
axial ard radial directiors.

The axial motior is achieved by a direct worm-gear
drive moving a carriage slidirng or two grourd steel
shafts or four linrear motior bearings. The radial
movemert uses a pulley drive system which moves a small
probe mourting block back and forth or two parallel glass
shafts. This is shown irn Figure 2.

The motors are remotely controlled by a probe
positior and control unit (PPCU) which 1is preprogrammed
with hard-wired logic to trarsmit the appropriate rumber
of pulses to the steppirg motors. The PPCU lerds itself
to both marual ard automatic control.

Ir operatior the positiorirng system has to be so
mourted that the motors are placed where they can have no
influerce or the field beirg mapped.

(U8}

.1 Field Illumiratior System for Mappirg

The <cylirdrical configuratiors required RF plare
wave illumiratior at 300 MHz for mapping purposes. BNR
used its RF arechoic chamber having interral dimensiors
of 20 x 20 x 12 feet to cortairnr the radiatior and to
provide ar  ernvirormenrt relatively free of stray
reflectiors, The chamber is treated with pyramidal
absorber cores 26 irches ir 1lergth. the c¢ylindrical
objects to be illumirated were mounted at a height of
five feet or a wooden support fixture at ore correr of
the chamber, as showr in Figure 1. The support fixture
used peg-and-dowel constructior in order to avoid field
perturbationrs due to metal fasterers or brackets.

The illumirnating arterra was mounted at the
diagorally opposite correr of the chamber with its
rearest surface 3 meters from the geometric cenrtre of the
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object under illumiration. 5
2n-

At this distance, the normal X or3X criteria for
plane wave illumination was satisfied, as well as a test
requirement that the longitudinal field gradiert over the
1.13 meter maximum length of the missile nosecore was rot
to exceed *1 dB.

The elements of the illumiratirg system are shown
in schematic form in Figure 6.

A high gain 12.15 dBi Yagi-Uda artenra desigred for
operation at 300 MHz was wused to illumirate the
cylindrical cornfigurations with a horizortally polarized
plare wave during mapping. The.antenna was fed by a 10
dB gairn R.F. Power Amplifier via a 300 MHz tured filter
used to lower harmoric cortent of radiated sigrals. This
power amplifier required up to 100 watts of drive
provided by a 200 watt broadband R.F. Amplifier. The
sigral source feeding the RF driver was arn H.P. Model
8640 sigral gererator which was capable of providirg a
high stability, 300 MHz sigral with 552 Hz amplitude
modulation.

The illumination 1level was checked at the
configurationr geometric centre using a calibrated dipole
and receiver.
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4.0 RESULTS

This section presents ir summary form the results of
tests to characterize the probes, the mecharical
positioning system, the illuminatior system, and actual
field mapping »f the cylinder and rosecore. Details of
results are Ziver in Appendix B for tl.e contour maps,
Apperdix C foir rumerical values of measuremenrts made at
the various grid points, Apperdix D for field
illumiratior tests and Appendix E for probe evalvatior
tests.

4.1 Probe Evaluatior

Characterizatior tests were performed for both the
E~field ard H-field probes usirg a TEM Cell ir laboratory
ambiert conditiors and at high ard low temperatures.

The results are giver 1irn Table 1 for the E-field
probe ard Table 2 for the H field probe.

The TEM Cell used for the majority of tests had
a rectargular cross-sectior ard was based upor a desigrn
described by Crawford [9].

The cell dimersiors are 9 cm high by 15 cm wide with
a total lergth of 38 cm. Over the frequercy bard 225 to
400 MHz the VSWR measured was less thar 1.1,

The dimensiors of the cell are small erough that nro
prepagatior of higher modes exists; corsequertly the main
source of error is due to iraccuracy of cell plate
spacing and width, ard discortiruities at input ard

output termiratiors.

The probes were installed ir the upper half of the
cell midway ULetween the certre plate ard the top irnrer
surface. The probes were orierted for maximum pick up
for all tests except those requirirg probe rotatior,
i.e., directioral patternr tests.

Inr order to establish the probe errors due to
operatior ir fields of high gradiert a special coaxial
TEM Cell was used to produce the variatior ir gradierts
required for the tests. This corsisted of ar outer
cylinrder of 8 om diameter with a certre No. 12 AWG
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TABLE 1

Summary of E-Field Probe Results

Dynamic Range: 0.07 V/m to 1.6 V/m Low Range 100%
Modulation
1.6 V/m to 200 V/m High Range 100%
Modulation
S+N

Sensitivity: .07 V/m at 10 dB N~ Ratio 100% M

OO

(Low Range) .14 V/m at 10 dB 50% M
Frequency Response: ~-.7 dB + .3 dB Referred to 300 MHz
Directional Field Pattern:
Cosine @ +0.35 dB for 6 = 0 + 60°
Cosine 9 +0.90 dB for 8 = 60 to 80°

Cross Sensitivity to H-Fields:

E-field measurement error *less than 4.4 V/m per
A/m H-~field.

* Determination of this value limited by measurement technique.

Spatial Resolution: 0.5 cm

Gradient LError:

+0.5 dB in Fields of 10 dB/cm gradicnt

Temperature Stability: -0.02 dB/°C
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TABL

E 2

Summary of H-Field Probe Results

Dynamic Range: 0.36 mA/m
(300 MHz)

to

6.

6.5 mA/m to 520

5

Sensitivity: 0.36 mA/m at 10 dB
0.72 mA/m at 10 dB
Frequency Response: (Referred to 30
225 MH:z - 12.2 dB
300 MH:z 0 dB
343 MHz + 5.1 dB
400 MH:z + 0.2 dB

Directional Field Pattern:

Cosine 9

mA/m Low Range 100%
Modulation

mA/m High Range 100%
Modulation

S+N

B Ratio
1004 Modulation

300 MHz
S+N

-~ 50% Modulation
300 MHz

0 MHz)

(Resonant Frequency)
is 343 MHz

0.4 dB for 6 = 0 + 80°

Cross-Sensitivity to E-Fields:

-5
H-~field measurement error *less than 8.7 x 10 A/m

per VY/m E-field.

* Determination of this valye limited by measurement technique.

Spatial Resolution: £0.5

Gradient Error:

Temperature Stability:

cm

260
300
346
400
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MH:z
MHz
MHz
MH:z

+0.5 dB in Fields of 10 dB/cm

gradient

- .10 dB/°C
- .13 dB/°C
- .35 dB/°C
- .17 dB/°C




copper wire. This fixture was also used for directionral
pattern measurement of the H-field probe to take
advartage of the field orientation which allowed easy
rotatior of the magnetic probe through the lateral access
port irn the cell.

TEM cells were terminated 1in their characteristic
impedarnce except durirg cross-sensitivity tests when oper
ard short circuit stubs were used to produce starding
wave mirima and maxima.

The influernce of the opposite field comporent (ie.

E-field effects or H field probes and vice versa) were

measured at these locatiors.

4.2 Illumiratior System Evaluatior

The lorgitudiral ard lateral field gradients were
measured to verify the uriformity of plare waves irncident
upor. the test conrfiguratiorn. This was accomplished by
measuring the field strength at all six 1locatiors
displaced +50 ocm from the geometric centre of the test
configuratior alorg the X, Y and Z coordinate axes, with
the level at the geometric centre serving as refererce.
Measuremerts were made with a calibrated dipole ard tured
receiver. The variationr in field strength was withirn +1
dB for all cases.

4.3 Mecharical Positiorirg System Tests

The ability of the mechanrical positiorirg system to
accurately move the field probes to the specific
locatiors or the scaniing grid was determired by use of a
verrier caliper. This measuremert corfirmed that the
displacemenrt of the probe mourtirg <carriage ir the axial
and radial directiors was withir the required +0.5 mm
tolerarce, wher the carriage was moved ir 1 cm steps
f>llowirg the prescribed scarning sequence. (See Fig.
1A, Apperdix A).
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4.4 Field Cortours

The detailed results of field measuremenrts corducted
in the missile rosecone and the aluminmm cylinders are
presented in Apperdices A, B, and C.

Appendix A defines the geometry of field measuremert
for these structures ard gives a matrix definirg all 36
test combirnatiors.

Appendix B presents the measurement data ir the form
of contour maps of the measured vector electric and
magretic fields.

Apperdix C preserts the source data for the cortour
maps ir rumerical form.




5.0 CONCLUSIONS

The program has demonrstrated that electromagretic
probes can be desigred with the recessary resolutior,
sersitivity and accuracy for mapping complex electric ard
magretic fields at UHF frequercies ard withir metal
structures cortairinrg apertures.

The appropriate irstrumertatior has also beer
developed for the applicatior of the probes to map the
variation ir field strergth ir typical equipmert

erclosures such as weaponrs systems casirgs.

Prelimirary irspection of maps obtaired by
theoretical aralysis [1] irdicates a reasorable agreemert
with the measured data, however it is beyord the scope of
this report to presert a detailed aralysis of
correlatior,

The techriques develocped will be invaluable for
establishing the validity of the assumptious used 1ir
mathematical modellirg techriques. They will improve the
capability ¢to measure ard control field strergth
distributiors ir gereral ard should be particularly
useful ir radiated susceptibility testirng. Additiorally
the methodology shows great promise for extersior into
the gigahertz frequercy regior ard for applicatiors
requirirg wide frequercy bard sersors.
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APPENDIX A

DEFINITION OF FIELD MEASUREMENT
GEOMETRY AND SAMPLING

A.1 INTRODUCTION

This apperdix defines the convertions wused to
describe probe oriertation and location with respect to
the cylinder ard missile nosecone structures and with
perfect to incident field polarizatiorn.

A complete test matrix of all mapping cornfigurations
used is also giver which defines the extent of the data
sample obtaired within the cylinder and missile rosecone
structures.




TABLE A-l
FIELD CONTOUR MEASUREMENT DATA INDEX

TEST SCAN SCANNING | VECTOR FIELD
NMBER | CONFIGURATION | yocyrron | E-FIELD |} B-FIELD | opynp BEING MEASURED
X ¥ 2
1 CYLINDER X A X
2 AT X A X
3 OPEN X A X
4 END X A X
5 X A X
6 X A X
7 X B X
8 X B X
9 AT X B X
10 OPEN X I B X
11 END X | B X
12 X B X
13 NOSECONE X A X
14 NEAR X A X
*15 BULKHEAD X A X
16 X A X
17 X A X
*18 X A X
19 X B X
20 NEAR X B X
*21 BULKHEAD X B x|
22 X B X
23 X B X l
*24 X B X
25 X ¢ X l
26 NEAR X ¢ X i
27 TIP X c o
28 bt ¢ X ‘
29 X ¢ X |
30 X ¢ X!
1
31 X D X '
32 NEAR X D X
13 TIP X D X }
3 X D X :
35 X D X l
36 X D X |
t

* Z-AXIS Data for these locations not available due to Limited Mechanical Clearance
4
for Fixturing. V = VERTICAL
H = HORIZONTAL
Illuminating Signal Polarization: HORIZONTAL (X)

Illuminating Signal Intensity at 43.65 V/M CARKIER
Configuration Centre: 1002 A.M. MODULATION
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Notes:

1. Arrows indicate direction of probe motion during field

mapping.
2. Numbers indicate sequence of measurements and correspond

with tabulated measurement points shown in the tables of

Appendix “B”.

Fig. A-1 Definition of Reference Grid Used for Field Mapping

A~-2




—

X

incident Field
Polarization:
Electric Field
Vector Parallel
To X-Axis

Note: Letters A, B refer to grid locations; refer to Fig. A-3 for detail view.

Grid A"’ is Parallel to Y-Z Plane,
Grid “‘B” is Parallel to X-Z Plane

Fig. A-2 Reference Axes and Scanning Grid Locations for Aluminum Cylinder

A-C




6
- (TYP) Measurement
Sequence No.

«—— Scan Grid

L 73 63 6 mm

P4 1
/

Aluminum Cylinder —?

Fig. A-3 Scanning Grid Location Details for Aluminum Cylinder




Incident Fieid
Polarization:

Electric Field
Vector Parallel
To X-Axis

Letters A, B, C, D refer to grid locations; refer to Fig. A-5 for detail views.

Note:
Grids A’ and ““C” are Parallel to Y-Z Plane,
Grids ‘B’ and ‘D"’ are Parallel to X-Z Plane

Fig. A-4 Reference Axes and Scanning Grid Locations for Missile Nosecone




Detail: Grids A, B as Shown on Fig. A-4

Casing

Nosecone

' \ /— Bulkhead

p——Scan Grid

1 6

(TYP)
Measurement
Sequence Number

Detail: Grids C, D as Shown on Fig. A-4

Magnesium Flouride
Window

73

Fig. A-5 Scanning Grid Location Details for Missile Nosecone 1




APPENDIX B

FIELD CONTOUR MAPS FOR MISSILE NOSECONE AND CYLINDER

B.1 TINTRODUCTION

This appenrdix contains the final field cortour maps
obtained for the cylinder and missile nosecore
configurations.

Contours irdicate that vector E or H field comporent
measured, in dB referred to the ircident field strergth
measured at the geometric centre of the configuratisrn.
Geometry of measurement is described ir Apperdix A.

Some cortour informatior is not c¢omplete due to the
difficulties of positioring probes for Z~axis
measurements in the narrow cornfires of the nosecore tip
and base. Figs. B-29 and B-34 were associated with a
mecharical coupling failure and are valid for grid points
betweer corrners 1 and 73 ornly. Figs. B-27, 30, 33 ard
36 are partial scans due to 1limited room for scarning ir
the nosecore tip. Figs. B-15, 18, 21 and 24 are rot
available due to 1limited space in the nosecore base for
probe fixture clearance.

The numerical suffixes of the figure numbers :orre-
spond to the test numbers defined in Table A-1i of
Appendix A.
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APPENDIX C

TABULATION OF E-FIELD AND H-FIELD MEASUREMENT DATA

C.1 INTRODUCTION

This appendix corntairs a tabulation of all E-Field
and H-Field measurements made during fiecld mappirg of the
cylinder ard missile nosecore.

This comprises the source data from which the firal
field cortour maps shown Apperdix "B" were derived.

The tabulatior shows field strergth 1levels ir dB
relative to the 1incident plare wave field strergth used
during the mappirg procedure.

The 73 measuremert poirts correspord to the scanning
grid locatiors as defined ir Apperdix A.

The numerical suffixes of the figure numbers corre-
spond to the test numbers defined in Table A-1 of
Appendix A.
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APPENDIX D

RESULTS OF E-FIELD PERTURBATION TEST
CONDUCTED IN MISSILE (NOSECONE REMOVED)

D.1 INTRODUCTION

A test was <conducted ir the missile rosecore area,
with the rosecore removed to assess the effects of
E-field perturbations due to the presence of arother
E-field probe, located at the grid centre, 1 cm away from
the plare of the grid.

The resultirg contours are shown in Figs. D-!, D-2.
The perturbations caused are regligible wher referred to
the ircident carrier level of 43.65 v/m,

No similar test was conducted for the H-field probe
due to its smaller size and the absence of any significant
amount of metallic material.




Probe and Grid Orientation per Test No. 19
of Table A~1, Appendix A

FIG. D~1 NO PERTURBING PROBE IN PLACE




Probe and Grid Orientation per Test No. 19

of Table A-1, Appendix A

FIG. D-2 PERTURBING PROBE INSTALLED




APPENDIX E

PROBE CALIBRATION CURVES AND LOOKUP TaBLE

E.1 INTRODUCTION

This appendix contairs E-field ard H-field probe
calibratior data obtaired at 300 MHz. All data is based
upor. the use of 100% amplitude modulatior, except pages
E-23 to E-27, which show the effect of usirg 50% A.M.
for the E-field probe.




18

LI

[ 2]
. £
' P
‘
: n]
=
- it}
U} — =
50 s
c > >
] )
- I =
1] )
3~ N o |
° > =z
—~ W
” £ o
-~ vt
o [e] . e .._.‘
o & . = =
et " . — 0O =
IS =] O | [ ]
« ~ L w
v > ao — L
0 RO n @
- — -
— o Lo
] . [2 &
© o [W]
o N
Q
LD
O 3 -
o= oy -~
B 3 hon ]
O Y4 .
= 0 0
~- =
v —~ 2]
- 3 a
O o a
1 © 3 | ] " —
Ll v o —t -~ — —_— — -— .

TH OANGLND AININ05H4 JO0ES




1007%

E-Field

D T T
RO A wA

[ S50 L R ORI O 2N}

[ux)
>

FA b= e e pa pa e
.

L3 4

1 dE-AZ
1. SAE-02
1. 1Si6E~-A2
s Z s 1287

1. TSIdR12E-OS
1. =2 T1SacE-0z
2. S35915533E-092
2 TIEZRIISSE-§2
2 384T AYES4E-D2
2, 23EETESITTE-R2
= 13737BSTLIE-B2
2 $TH331SE1E-Q2
. 4327 2THSE

Z JIeTIFLIIE-D2
S.FEITAa B14E-12
2.2133: 129E-82
2.917 1 3399€E-~-92
2.R139S ) F2AYEE-B2
LB31280733571

3.239938S8327E-A2
2.23498543 1 TIE-R2
3,467 IRESA4SEE~-R2
3.58921334844E-132
2.719835229181E-a2
3. 245917220495 E -2
2L AR1ATITASSRE-GB2
4.120997519994E-02
4, 285735127 R7E-D2
B4 1STA44725

4.57032139609%E-22
4, 73151298965 E-02
4.83778313352€-02

A.M.

E-2

Iz

[}

"
o

DEIV' ‘Lla
1.954@3255333
1.854832552437
1.8954Q3:25S3
1.83540325%2
1.0549325%3
1.854092553
1.854992953
1.8543325
1.8549325¢
1.89540325¢
1.854822%
1.854a232%
1.8%548232¢%
1.8548325% ¢
1.aS4a3
1.AS3a92S

BS 30

AT 4

S LNy

1.8542925!
1.85499:255343
1.354992552472
1.8543325%534 2
1.954992553473
1.854132S5343
1.854892553473
1.8549925534
1.954822:8534 2
1.95499255243
1.85499%255342
1.85409255343
1.9548925524 3
1.85409255343
1.0548925532473
1.854089255342
1.95483255243
1.8%5403285343
1.95409255247%
1.95499255243
1.085499255343
1.85493255342
1.05429255342
1.054922553423
1.034092%5%53473
1.9540925%534%




E-Field 1007% A.M.

v/ m Bz . Hz

1.85489255343
1.8%489255343
1.85409255%43
1.954092553423
1.85499255343
. 67494855771
6666856566666
. 968091782079
.942819841582
.47140452079
. 67494855771
. 67494255771
1.22927259434
. 9660891783079
. 87559503577

—— = et

. )
()]

AVORRVA I R DU AV IR VU

CFC B Y S B e B I x (SR PN SO 2 YR I S B R R

a2
LS ez . 737864787372
L3108 82 . 1.1972189997%
2ol a2 . . 69920589878
A, 34080 ?2 . «S16397779493
HLOFTRIV B . .518337779493

. 948883298853
. 8492336585598
527046278634
971625315387
1.36347131992
1.28€8839377¢&
. 348653329305
’3?804?3| 3 2

.
AN AT A

TR
AN AT Y

P SNEY VI (IR v R B Y00 JOON . B T R ORI VXN (VI UV (8 il iV O OB I (U T SN S P N Y (U

@D DR TR LD TSRO A

9
7
)
S7 .7 . 23;?2D3
. 13861 .3 8813b3?’4b
ST 8 1 429940’B595
. 17445 .4 1.5776212 546
24251 .2 1.1382324243
BYals .3 i. SBQQSBRqDSO
. 3P4 o5 1.34383%711541
B31E14 .2 1.83565422854
s2834 .2 1.83279855898
. 31518 .2 1.316856117723
T13ET 2.8 1,329841179757
PR 1L _a;:r4‘~--a~:
528231988 121.1 . 19721899978
. 533915583 132 .49071198499
. TREEREITT 142.2 1.13529°42435
. 382470954 151.1 1.10885843934865
L 22FABETES2TY 163.7 1.41813549244
. 71373783571 176.4 1.874936753973
. 4795913551 190.9 1.10050433465
. PIT2TAIS 298.1 1.120350493455
CZREABIBTITLINL 224.2 1.81352940114
L2T227V128314 242.7 1.49443411811
L 2313332932125 257.4 1.349897113541
L2FLTH427R1399 276.7 1.56702123648
. 391395172845 298.3 1.946308684273
31288733671 222.4 2.27058484879




E-Field 1007% A.M.

<3 98327 242.4 1.585545z:853+
) 433171 375.2 2.573367327341
.3 35a435e 434, 7 1.967021223643
.3 21934844 26,3 1.96928733327
LET19282231091 459, 4 2.54722975e52
L33459173IZRSE 4232.4 2.412923184277
L 3ES1RTITRASSE S332 2.93853%192927
LH12RETS 199934 9746 2,.3751211527
LA2B5579513727 e17.58 2.9298221281 =
LALST Y47 LSS 2.5990133371432
LASTOS21E9503 a4, 4 3.B983288Ta%s
LATILISLI 258965 T9S.% 3.645392230549
L 333ATTE313292 s12.4 3.43334535552
= Ta22TR 2TS.S $,4723234234751
-] "4ERAZST 332,72 d, 442221656627
] 1904 1414, 3 5.82830521a3%
.5 S1&7 1877, 3 4,37681 17884
] TTET 1158 S.02222295e2%
o 31 12432 SL.TI4383S1 L 2T
LB 432 132703 6, 5359521824]
e 3344 14482 B.377842159a5¢
) SEY7 1943, 2 Telden3acn4sc
B EES 18es, 2 PRI AR T
.7 21e 1758 T.279887274ul
or 298 1239, 1 3273419387
s zav 2821.,7 Q.4a%8:31
. e 2173, 2 SRl TIIRY
= A5E 2n41.2 2A4Ie1 TR L
. 33 2918, 2 5254302141
. av 2B7T3,.3 SoATISS
2AZET 227R3.5 ST157 TRE
. 52a1 IRTT.E 243R27S15S:
ZRSER 3303, S ERFSISaLT"
1 4RI, 2 5581398311
1,939 e ITILLE TIEIERRISIF
1.971 Y B g 4att.4 BEII303 4,
1,193 192 $19e.1 31993369
1.142 BT 45033, 7 41527143072
1.1 T4 4325, SQ1I2f 2249
1. i) S172.7 LB ET IS
1.2 A S574,5 LRESSSRT IS
1.2 91 S391.1 NGELEEEE
1.2 bk B339, T LATTEED
1.412 3N [ B ) L 3FSRINICE ]
| 4521 TTLIT 43 TaTRLE L 3SEETT H
1.5135E12424 T3AT. 4 LS41255:
1,527 S10700: 3325, 9 L2222
X B R4, B CTETR2Z
#4774 L 3E1SID
ASIE, 2 ppaR P
qEez, 1 LT




E-Field

1007 A.M.

¥y
.

o

ol o
W O3 O3 =g T
LL T I O PR X

o (e (o=

R ' B VRO R (S Y

O 0
0
F
)

(S

198s2

18e38,3
18129.1
18156, 2

W Wk
rJ
7]
w0
— x]
o~ 3
wu '
2
ow
PR
S
[ )

£.28394139354
2.49443325734
2.4404986357

2.57336787541
2.494438257324
2.1882463994%
2.21359436211
2.82422K20311
2.28108356321




low range

E~Field Probe Calibration,

Modulation

o,
>

100

0.1 v/m to 3 v/m

Run 2 of 2

e e dcday

L

a

i

]
LR i I I
[}

LT

b A o - .o -
4

- -

100000

P
=

= e -

e [ex] [ex(]

(A Gt Dex(] (e
-— — — —

IH Inddnd

AJHIND344 g6

m‘

E5

i

GTH

STREM

FIELD
JJREMENT FREC

UENCY=

3

MER:!




P-Ficeld 1007 A.M.

FRECUIENCY= X488 Mhz

LEYEL v/m FEADING

1 23.9

T

D VR OV I

L1 3R {
129 1
EEE R S
TRl TR
1zs 4.1
427 B2
Iec 1,4

1a 4.2

.18 73.9

Y- 34,95

AT 33.8

AT 33.2

J18 3.2

13 182, 4
4 199, 9

.17 115.8

L1 121.8

0 0 Ba fd e re se
D IR 1)

— o

— fa D e D

h RS

[ S (5]
&
I

J
3
J

[ N EY

—
3
l‘-)'-'i.ﬂ\'.'l'"w-‘

I3 P £ 1O PO F
[OURESS R B VY |
o

[P0 0
.
[OCES 3

STD DEV Hz

1.449137c7461
1.62833183%4492
294421 wig
3344223260012
1.2985”4?3465
L471340452073
1.28431138409¢
L 42303241532
539285393783
LTA7IABTE1186
1.13523242435
1. 87496759537
LBIRLIET2HELT
1.25168685
L B37S59548: 7
1oi3r213 Ve
L BIVZPEI S
1,197 T
1,3va3: ES D
1.9227 A
SRS =3

. 87559583577
1.59923385696
«B8432740842
.?888186$--46
1.39841173757
1.712637677017
1.523558392674
. 632455532833
.I66091723879
994423926012
1.523383%2674
. 84327434271
1.88081234497
17373779738

. 9ERBILTIZIATY
1.83299316133
1.379832231941
1.28668393772
1.1972189997

1.1547005284
1.2649110640¢
22927259434




C-Field 1007 AWM.

-

FISIT 48 293,32 LETS535035°7
ARIASL TN 13,3 1,37922021341
IATTEER3 329.% 1.173851138133
SR IBGERST 28702 1.318%8117723
131131431 FE4,7 1.2374335a%31
4415814 334,32 . 94368329295
BT IRE0a450 $ET, 3 2.8245845e731 %
4321 3247 415.7 1.2885€206221
FH7BAS4TYS 426, 7 1.33749350951
T1S: 101 452, 7 1. 32358295321
RLS¥IAE3Z 421, D1IBE43E
. B4S145a1L SsSB4, 2 2434554
. i 1ressse S31. 27215535
LARTIRRETTELS 557, o3
L H1E EE P SaT. YTiT
L4208 37TET A1, il
T 242 ad3, 2T
.44 ST aR3, S
LSaT ISR vaz <
CHET TS,

% I SRR e X

.
[ SRS SO OV P P B ARl B SRR I Y
S QNI QST O o i DN DX

LdEE = 11,

LSBl1ave I, 2T,

=S R S TEe, Bas s
Il D e 341, 4.23687 SSe
LOETRILITAL gy, 2.75%6 LITE
SS90 sT 1837,z e IR PIT A
LIEZTS4LR 1A7TE 4, QTR ES L5
CITEG DR 1123, 2 .04 %831 24800
R3-SR 1 TS = 112a,3 To4RpITaISoR;
LERZETRT 1 1235, I

e aLtaETe 1799, 4 i

LET 4435 128%,3 LT dES

LE4S el B 1434, S 3, ATER LR
LEEA 33023 1597 S.4TETOI04
LETE ITSIaT 1530, % 3.8 1481
SERLETHITHRE] 1658, & S8 o451
LTRTREE TS 23 1TRR, 2 S, B R
TId4sTE LI T 4,ErES TS0
oAl EIBE41 2 1874, 3 5.121245€24%
LTEEETTESTEASE 13871 5,445 314672
LTTE24T 118831 2BR3, 2 5.59364713025
LTERIIeI4TAZ 166,73 6.18931514878
212239518173 227%9.2 6. 02335983191
LRIITEITTIIE8Z 2330, 9% B.O701 2444312
RS-0 B R 1t il R 2985, 2 A.3ST7R13SSI3T
VETRAE 393 3 2632.7 T.ETHEIIS4LTE
LE3912%0%35151 zvan T.3T4BRTET IR
LI12p1BR 7 22851.1 R, 228797197485
L EIR2SY 2931,4 7.3R383332751
L3549920 2139, 9 R.41229293278
LITTEET 2292.32 Q, 345224373493




L-tield 1007 A.M.,

3%5.8 3,788882582732
Se. 9 1.19721399378
8.2 1B.5338171378
Qe Be.3 13.73321741321
] 5.7 18.873515224¢
qe 4.8 12. SY1703
1 2.3 18.% 995813
1 2201 12.7 738875
1 2.9 2. 47
26 Z Y 14, B 2
5 14, ¢ 5 i
. B 15, 29 v
(S

ol

16.°
-
7.

Gl e SN b

4 Py e
Lol ¥ I 4

.

a
—
o
.

Do
o

.
(LAWY UR )

Lo Ot LI IS SN (LB L

S A A IR ST - N R T -
RN

5
o
s
A4
!
3
&
4

15.%
S
&
]
)
2
=

Drxl
M)

o 8

4
PE U RS

s A SR PR (RN Y )

LY s IS A BN |
0

[ IRV RO R U v (O OO SR RN S T S0 P x SR B O L Y N RS SRt O SN % B P O I P I Y |
I RV ORE (WS O IR |

LA B - SR ORI I CRNL X B I LSV SR ORIV I (T O Sy

Ll A T T SN LS (N DN I L T (O S o

P B fen Pon Fo oD T B3 03 P30 P3P 0 POJol s bd e 4t pa bs ot Ra s b ps A e e b A e ba pa b ph s b s ek A et ba e b

1
]
4 . -
<3 .r .1 2
TITER 3.1 .S
TTEIT 1.5 5173
F1ITH 3.5 L9311
SEZ0S FELE, I 1.828° .
954 ARAT. 2 1.572
] 4 LS. 4 1.2397%
ATV R Z.BA78
ITET. R . 1217
FTHLLE &.A37 e
524, 4 1,23732
FEST. 2 1.3737
FETO. 2 2.4
AT, 4
FIRE,L B
HAET L&
AT, 9
1a027.7 1.7
1aasz. ! 1.5
19975, & 1. 2845
1307 1,498
19122.% 1,443
{aid3. 4 1,397
1g1ex.7 1,327
14132, 4 1.577

TG



)
i3
3
it
r—
.annllnuk.ql‘ y y
ICRIINIIIa
v Jc|T||4r_
H
L
x
ca
. =
o m
n ll llllllll o -
: . W
llllll -l.d
; =
T = M S =
ol ~ ”._
= > ;
&
=)
= o . w
: 3 .
Ul T i
fe) o] R
o ] :
: ey
sl g G
ot ~ . >
— P v 7
- _ o
O o= L E
o T z
G Vo -
o o -
Q@ . v
o
a3
T W
= 0 0 )
ols o
— [@]
- e a M
o] a = 3
O3 - — = =
—

SH O INGAND AIN3IN0344 30AES




F-Field L™ ALM,

L

TN e P o

-

b
N

X

oy g e - g

.

S (V]

E, B )

ORI IS BT

s )

~) = 3N i

v/m
Sidzleee’T
19132052
BRI S ]
B BT NS I ¥

AN O ) ) D D

Mz

kel
m
I

=

—

c
=
N

DOCRES PR I OV g

e

Y Y BRI ) B SNV I S i e e B el el e

[N PRV I PR TP

- a s s e »
(i, Jia B S WIS B SO B I SN BN e

— & =, AT TR0 o DT D N b

RN R R BN W S SO B W O SO PV VR P JN R CU I OV UV I o

S\
<o

-3

—a
-
w &

3

121.8
130.9
141.7
15

1e2.2

E-11

STD

AS4R9255343
19403255243
403255343
4RIZ5ST432
17255343

.
Do)

£a

$a
XY

(v
Al
ra
n
o
(6]
$a
]

D DO @
oD
20D
[ Y
(4]
w
[

VLl Ly e T Ty s S AR AR A A NN
Ry

A4 $o & Ut S D
N P s Y T SN SR R R

CRREYY I SO I LSO B AR

3 =) O 3 0D D
TR I OV IR YU (SR (6 3 X

[ L S I S AR R R |
b R ROOU I N (S SC RS O AR O SERE A

SO e e B DD D

PN S
| IR Y v}

e

so- T 2T

T W0 O o (o= vs e @ g Ty o= G AL
© & QA L0 G BT L) L G G L
[T R AR R S BV UV O i SN R

O 4 O
PR

. 567646212197
«.327046£275694
.316227766016
.S18397773493
516397779433
. 483084533154
. 43304539154
.567646212197
. 699285398753
. 483845389154
.632455532033
.R33285389873
. 67494355771
.TB71096781186
87559522577
. 6324555320833
.47140452079
.632455532033
. 737264787372
. 67494855771
» 816496580357
.918936583472




E-Field

S T SO ORI DY Wl S Y X

=, .
0

"

O T T L R B B B B G By ONx PO C s P PRV BN B B 6

Lol
.

-
—
.

P OS I S RY

YRR |

-
-
.

-

[P ST I T B IR OO WA SN o | A
O RO 8 NI ON RS O TR BT R B

RN IO

R L R U P VI

Ty

NI RS B S |

1007%

372
1ed
- -
Ve

e 4 e

,.
1,
-
!

—
)
Uil B )

oy

DU IR N I

N W

0 ~g D = T
O fa

[y
DA

Ty

[N

S el U B

ry

DA 12‘0 — g

PR AT A Y
LA

AR CS L

[ SO O )

AM.

i BT SO I

0

SOOI R LR

ORI BT R,
. .
) £ L) T I

D
i

-
A
-

.
N (Y=

- L

IR RS B T S S S B SO IR Y

= 1T = g0

o0
o

da D
Y

Fo M FooD = )M S Ty AT T B v ) G0 T 0D e

o

[LIROURE SN
.
Jo g0 ee o3 o

B
5|
4
3
4
B
5
!
EY
S
5
3
B
=3
=
E

o 3 03— e D e

[ T e i I S o S

=
.1

-
.
.8

BRI, B0 SR N I -~ (IR SR R Y PR ¢
o T

[ R I Y I (S RV )

[ SO O S I O O

(1

E-12

00 W

_H....
R RV RV

QU UL U O S O s e 8o B el da 03 03 03 O3 R PD LD G By Pl P T e s ) e e
V0 =) o K2 G G0 B2 00 OO 0 00 ) ) e o0 Ty b 08 Ty T e I T 00 e S e L

O T 1T Jo T

$a
-
+

—

16496580327
71825215247
4863329305
S6R1T3IBTY
£EA31783873
426 S
154 4
3 4
9 [
1
3

~4 4

00 T B0 Ty e e 00 DD 0 r 0

X SIS VORI SN SR¥ CRN VN ()
RS PR N L I N LS B

d—= F T (R

RPN

b B Y )

el B O OO

[ X

OO

IOXIRN O

(e
-4

PSR I R SR
FIN

P N A |

YIRS I A N RS IO I S I VRS B - e AL s PR SO SN (R R | -_:Lfl & TG
(KXY

oft s (i O e

R IR TR R * I VD )

G Ga LA = (A Ay

95
145
130
T
36
8z

DU e

0w O



F-¥Field 1007 A.M.

L8
—
f:

E 20 oY)

$a =+ O
DAIRE

da 3 N Ty e T

[X)
—
—
S BT RN OR VY B R |
Pl R S BOE IR T ST I SR R B Y SR S B 8 BEY o (VIR Y 2 i O

ES: = 7.48331477354
3 .3 el £.79737570385
E 1 Q9,5 3.080277723%e3
kd 4 4.5 7.25R24130892
z 4o o I 11.4822414954
I X g 394,11 7.12507209903
3 S3at 5} 542,48 B, 85923039944
23,.81671785 3642.,7 18,.332564075
1,237 as arval 2.58%3991511S
1l.4 39z27.3 T.21491649544
14,1 48,7 D, AI2TZZ140844
15,7 4240, 8 12,.3885724341
47,3 400,77 11.3232792983%2
43,32 4541. 4 12.527V:83514
S, 5 47873 19,4025259043
PO Y 4273, 2 9,52823453339
sS4, 3 v 19,402525042
e, ¥ 4 1A, 718327211
R 5 2 19,3543 3220
i, o = 5] T

= 3 4

= S R

ne, ) 4 1z, 3

A, ) a S99
Ti. b =1
Ta, ba] SEEED
- 7

-
.
=

D) B OO R

ONDS | IV ORRSN B S E R 2N

R L R e A
Ty G R o ) = (D

4. 25. 35
5. T, 14, c
3 S 14. &
LR S. 14,

b g0 3
G G Lo D PO T

I ORs SO O o B PR R | B &

=1 (A
oCRRN TN U « I B PY TS N W I W e I RPN o]

19, %

Fu
-1 fa e

-]

3

it s

¢ !

.._"‘ 1

4 7

E ] 3
av. TIZ.E 1. 14138
124 Tas. e 15, 221380573
193,319 466,32 42, 57105243842
137, 1913 432, 4 1.25 ac40e
Lia. 317 593, 3 3.9320014347E8
114,215 a5 4 . TR
U R T ppeipe 5 = Ta
ZE.REEITV k] = 3 SBI4TE
0303 ST E 1 CECRE
ag1.7 1.4 EEl ST

a 1.1547905334
I.3Z34IT129T9

LHABERTIAEAS
E - 22905515
7. S 2TRER4

Tt 1528

.5 RREREE

: : L I
RIS LE E az13%e
LEE. 2R2T IS8 2 S32033
132.752431318 3 532033
1233, 526271434 1 TEBOLE




H-Field Probe Calibration, Low Range

1007%

Modulation

20 ma/m

.26 ma/m to

Run 1 of 1

LR
S T

]

T

W PR
h

:..54|0||L_J1.L¢.

-4
...41 Wwet

B

B R o] [

Ty

R

.l...:\ \.un_v...LL\n|J||n

.|.:<|0||L.J1.L|.|"||.|||

B R R P L L S
! W vy T

..<L|L|l|_4.0r||..,|1|;

’

' a~4--4

[ .g

.4

P

..q..'L...p..l

||1f.-.<0L|x.un
L L R

|

100G60a

153

IH LNgL1nes

AJN3IN0354

129

STREMGTH mA“m

UREMENT FREQUEM

FIELD

Mz

38

I

-
= 2

Cy

-

MER!

~14

E




H-Ficld, 100%

FREJZEHT Y= Z0g

LEWEL ma/m

SHATE
T1aTSEd1E
T z

2O )

O |

L Ty e T,

b IS N

[

-

X

PORDL IS JRRY)
S DU I )

AN, 4

O RO KR (R S

SR |

PO A

X SO (WRNTY RN (4]

¥ I U T
e BO-CRL VOO B IRV
R BN SRR BT S SR e
Y UYL
cl de O n )
N SRR AR

O SR T (R Y )
P O -_? s B Y VRV X

O I Y R
DI o o

—

A

Mhz

M.

FEADING Hz
4.8

ISR O 1 )

O o 0 Xy T Fon A
@ .
T 3 Ty

—
—.
.

o

12,

1.

n
LT S D (Rl )

sTD pev HZ

.#hr9=1 3

o i L v T
L3222TES

._.

L]

[P}

ro

]

D

n
y PR IR
PAPYW T A WD
Wby AW S

o o

o
5
w
OO (W ]
—4
F
X
Py

N

i) T o Oy fr T S 03 03 O m o g -

—
[}
O

0 4
M)

o

DY
b B
O

. 39?18n3

Ol MWL DM e W &

L e e - e e A I I il i Rl QLT

G el ofe Ty Ty GO IO PD G

B\ x B ]

~3 01

1 41421235
2438971
1 1995B4°
,B599295359
1.13529242
1.3156561177
94868329209
1.15958150887
1.1547925334
1.159501329237
.BE6EEEEEEEEE
1.18059493465
1,17851130123
1.26923551767
.37559593877
1.10958493465
1,.379320931941
. 3344259260912
1.13529242435
.99442892:801 2
. 5270462TER 34
1.17373779973
LA718253153097
1.49971198499
1.154730853824
1. 56’8”1”3649
Se7ed48212192
1.4293490°7 3595
1.22927259434
1.0593499A%4F

N

‘JJ-‘IJ’-U!IJ

Qv

~4




H-Field, 1007Z A.M.

.

OO )
[t O Y

XRE N B SN I -

[rx

DOCREXVIRN SR I U SN
— e e A e s
Lo )

(Vv

O
=g Ty T T T D o Pk A

[vx)
0L @ F S NN A

-
[
.

-

- s s o
.

s Ty P3O e ol T T b o T e
doove Fa d e (R O3 IS ve e §1 e R

[ X O S O O B BRI S

TR R T I I SN Y I Wl e I )

TELY P A A R f"'n'\l“ll;ﬂ'-“»_l\:_l\

VIR IO SN BV BES BRI, VRN 3 BSOS (N RN B . ¢)

1 5

1 3

1 1

1 4

1 3

1 3

1 4

z 1 197

218.9 259

2278 LST7

233.9 L7871

Z252.2 1.13%

ZRS.T 1.838

gy 1.7828

2%%.1 LTATS

2891 1.137
1. 123,92 1.9549%
1 336, 3 LAYEED D
1 353,95 LETL
1 ITELE 1526 :
1 93,5 1 RRF I3
1 : 3 2.1TRSe941
1. 1 1.5%S1 2142
1.4 2 o 1.47572297
1.4 < z 1.9323% :
1,457 2 B 3 1.5351 31421359
1.52 ) Szn. 3 2.AFTEITEAS 34
1.9 3 4! 1.9428902 2 0
LS 34 T2.3 2.1828174a
1.8 34 7 1.494434
1.8 4 2. BE55311
1.7 Pt ¥ Sc s b
1.7 < T.RITES
1.7 3 T
1.2 E Z.98 s
t,® R . z I S :
1.32 e 2.3 2.T1BEnR 545958
1.3 15259 3Te. 1 2.3389%S11£49S
2.1 1223 3.8 2.338382ATZT2
2.959 21349 59, 3 2.584129585911
2,188 443573 1997.7 3.1939%31£3274
2.15284311452 1859, 2 2,4236272875%
S.ZREZRAR499E 1112 4
2., 2STRERSTETVS 1187.4 4,.52648923%51
& 3182 3 1227 RTTLI2E81e8 32
T T 11 1272.3 4,4434 003255
c.dlBle 1334,5 4,52783298908
2.4T997 1387 4, 29681 3493531
2.93313 1455, 2 4,2993T 07391
2.55214 1537.4 S.B31553142201
2.8%291 16173 4,233837c5157
2.59251° 1515.3 ,A1A"InS 34T
2714309501323 124,95 S. 190445327704
Z.TTTSI9IA%12 1780.6 §5.18%73345434

E-16

e e dlta




R

DI . Qe SO A SR SR T B TR S TN GOV P

[R 290 CO R I R B ) R

T

S4 FaT, T,

IR

MRS (Y ¢]

°.
X

QLY N TS,

21et
IRZP

Ty s

)
Ll
1]

-
N

o
o 0 L e G f

DR
O
.
+ o e

ORI IR PSR T RS RY CROOUNRIA K, |

KR T I DO CN ]

oo

DSV IO ON (8

T Qe p R

(I SO (0]

OO O Ul
O Do T I O

o

0

= Ty

JORE

D T

Lo

=L P

)
[x)

[ PO T OO S PR |

AR S

K
.8
X

L AR

o

N

Dax

TUA

Oy o T

()

(O SR

D ARDOURRSY B URLY ¢ I

LY S BOFW RN SR R | I Y Y BN v )

LX)

XU BV R I (]

1

n

i

=} 03 e 0N

n
D SEC NS ¢

-
)

Ol &
e Bt I CE 1Y
P2

N

VLR B |

EERr A, ORIR I  N
v =1 X G

1267,
1261,
299z,
2a99,
2135,
2395,
2417,
53T,
2EES,
279,
2935,
2a23
3173,
3332,
2489,
2653
T3S,
329,
228,
430,
£S5,
259,
BE2,
214,
SSs.

Ll e
]

SO

[ RN

S
D fa
-

OO U
~J
O

[y EEOCEESS B B I SO (R SRS NS N I I O O S GRS o8
v

TN fe b S g D) b D ) e e

3224
3433,
’, lﬂ
B [
3547,
oYl
BIC .
e
ELCh
ELY
HE
a7
-
bodt
av

B R R R L

4y -

N RO AN

=) da -

'S

P

2 fa

[ R

o

L

F

5.

[ ROCRDOCEE LB 0 SR SR T PR I |

O e oy
e e

0D T T e (T 03 L RS R

R S i Y S i

o
)

S (N
q

(I I N VLY N SN 4]

.
PR B BV RN UL (R S B B B

PR TR S S (W el L L B AV (X [
.

2323779320
P242175533!]
S4176065503
€1983551222
35B46£315632

W

b N A N
— 0 00 e oy T 0

&
45
2
e
4
.
7 BT s
PRI
LB13E7 1TV 9
L12823tazes
535437943
L9912552535
LIBE2381111
LH331273561
L47T5R42151
L227533%422
. 3322353754
LAZZE9254386
. TEB58R7847
L 281745681
L23BTE239331
133 1B
A R &5
L91s 31
L9432 5z
111 49
LSTT 33
LTEE &4
33a° 3
13 TE
b
4

g




H-Field,

4 N

YRy OO

1)
Th oL At o0 0 B L T e TR D R v 0 R TS e o = L

WD 0 X O e 1D 0 de e AT B OO0 0 LN S U D B D e DD
DO i (O DU SR I S I SN (s B 75 B9 B0 SR S B e x O R B N v s ¢

.
SO
[ax]

e e 8 e
U T e e

P

Zt
.
DI IRy BOCN 1 BTV VY

[l Y T SR VY VRN I f XY ¥ VXY

o
.

.
[RUSN
« -

p
fr
L I TIRVONY, (R CURYVR RO O IS Y,

= Ty =)

15.2

15,6
15,33
15,39
16,73

N ‘
{3

=

<

Q

E
;'.' "

o~ B =)

1007% A.M.

[¥y)

— e A
OO D D

2 D8,

<4 887,

77 2317,
57 343,
- i
v 3 L~
-

=

el

&

b

DO R = I CRE SR Sy s IR ]

[

E S SURF OIS BES By PEE SRR B

1

1914

3 1818
3 1919
ey 1922
42 18242
21 19271
B 1B23s
T1 18323
] 18359

1B3ITS
13437
18441
13474
19582

AP

)
!

LI Tt

w.,,.,,A,‘M.,,*»..,.M
DT D D D DD DD T

O3y & A QS G

« e o o s o
O

.
.
.
.
.
.
3

FARYOIR'S IEYCIN: (S SRS OSSR

00 30 W

-

B I Bt B CU I SRS U (R BTN ()

E-18

RS e Bk A B BECLIN (NN VA (R

.
Dxx]
o
o5

&
L e Vs A I e e I JR SRV eV B ool /S £

0 e AU
D D2 D T

S U & (o W

ot ¢
DS SR ES B> PREE TS N O WPV s P SO S B VTN I SN (I SO OO (N R

.

LN RRY VIS < S0 VIV R PN s SO (NI PRV LR ¢ V)
W 03 P 0 QD Wby
(O e v fa v Qo0 fa da 0000 O Ty OF = e

(RCXCRE CURR “ S PR - PN e I L PR 2 Y SN 5

.
0

L N I e e il A% 2 03 B I O e
A A S UL ESDSA AN O

O D T e ) Ty 0 = D NV

X
RRALY

[l
PO

).

ay .
D

AV RO Y ]
A0 0 &

-
[

D

(oS O ISR R
LoCl O O O B BEF TPy 1Y

-

o

3 PO A r B3 0) e e Py e

DO R e B ! LAl (SN VI s S I (LR CVRRY I\ I I U R O OV SRV 1 I S P Y
[ 20 IR I 0%
L0 e T

. [
e 3333
2. B4ET 2
2. ) =
z k) 2

3

SR T BT I LV TN LN i o Y IR\ 5 B ey S N
B TF S DWH RN DD OWDTAD T DD TG0 pT Y 0D

> Y OO FURRY Ll PRI Ol 7 PR (R B B (S 2% BEV S8 S v

HoT
N
[ N

o
DL D S fa

WG WD DS S e T D T & e Oy
£ o0 5

i JO-UN VR Rl |

A0 & O e NN D ) OO Y Py
o

o

ool Gy nd e b DR ) D e T
O X

[L5 0N 9]
-4
el D)

r
¢




Range

High

Calibration,

H-Field Probe
Modulation

1007%

520 ma/m

5.6 ma/m to

Run 1 of 1

cammal oo

v ..."lnl.ln-llcvnll

ot =t
10!

P

4 ===

P T

cp -t

R R R R

0
1
]
‘

-+
'
[
[

e I A A R L 15T R PR SR
v....ﬂfr.—l.ll<||l...L..-.\<Anr:..nln.n-..kt .Al.cfcull _———
w“aqu.“|".|..'|:Jr”..<411»..“:nnu.qv R e T R B
.-.Au.an.t<x..bvv...“....._l ' .“:o. wu.nurulnnJ-v.r"....l.\|<onc

|||¢.Lﬁ..

B R i TR R TR

' .
||1Jv“ln..Jn.n..vLau|‘

cemcersep-q

<J|V|..||:4
vy
3

[
'
~ ey -a---o

“mmmle ey

10000

IH Andlne A

IHNAND3IE S JIES

1000

188

FIELD STREMNGTH mR<m

10
MERSUREMENT FREJUENCY=




H-Field, 100% A.M.

FREEQUEHNCY= 288 Mhz

READING Hz STD DEY Hz

o

ok I43
557 24
E 3 1.9548 42
C 3 1.85:¢ I
4% 1.4 B
S 1. e

1.

DO A IO n BRI wX ]

DU IR I RS IO IS RS IR RO R SR R B B BN

R I R R S T N ol o ol ol ol el ey
X o

Do)
Qi )
S O R R I Y

o

bt s et e A s
v e & a % & e ®

$.

Te da not 0 05 S0 <) Oy fa oaen [ oe= Do 0 =§ 0¥, M

0D D S D

E oY

.
b

LIOR) I SO
)

o .

b b e e e b b
. . .
< Bx)

Dy B TS B> PR VO W) B NI PSR P I O 0 OO T O T O S e e e e Yy et I s T S N O T e O T el o e e i S T o

5. a7TE45195157 5 S34%

S.Ea7 = 3 . As S343

£.ar 4412 s .S16 493

5,87 2324 .5 .S5186 2433

£.23 20973 .2 L4216 1258

6.51 228 L2 154

£.73 S193 .5 PEE4

5.9 43 .3 154

T.2220 47z 1.3 L43204533154

T.475 253 3.2 .421637082135¢€

7. 738 321 5.6 LS163977734%53

S.a10 ik 7.7 . 43304539154

5,291 a2z 3,2 L421637A21356

3,523 526 2.1 .316227755018

2.385 119 S.1 .S587645212197

a9, 197 FET 8, L48394539154

Q.5z29 353 1 2

3,355 455 4.3 . 316227765818

13, 29 239 9 8

19, 5593718373 1.9 .316227756015

19, 9IDIE2E7E 5.1 .316227766016

11,3151965333 Q.8 L421837TA21355

11.7127439613 .6 .6992353387%

12.1243%51621 1.4 .6392053%5783

12.5506431272 £,9 L T37864T873FE

2.9914205135 2.3 674945355771 i
13.443923337 9.1 LSEPR4EZ1213T 1
3. 9206I22587 3 6 .816495530927 ‘

E-20




H-Field, 100%

L R I S S|

ot

D]

[} [ SO O OURN S SR I

DN B PR SR
o

s )

_____

s = = 1} P

« e .
o oD

IR R B B I PO /R SR PR CRE RR ) RS )

P D e D S R T D0 T e

.
D e e =T

A.M.

-4

YO IRV O RN I VO > PR R R O s PR B Y B OB PR BV IR o o

RS N TR T T RO !
AP IFCRRT  a. R y

DO T
o = 0l 00 Ty e P 00

1IN IO LT O (I
O e

0

[LAROPCR OV I I )

=

— s b4 s e b e b b UL
[ OSSR VYR 05 O SR ol o]
.

—
w

&
1
7
3
)
S
3
s
3
9

E-21

R N I I A Y]

oY
w

674934355771
. 5676462121537
. 375595@3577
.632455532833
7871086731135
. 693208559573
1,2327355539%
1.31656117723
. 34863329385

R NN A AR AR AR S AR A i W3 VI SIS RS SO S I I e

- NG = WD)

oy .

I8 A RS AR I I SRV I R A

L

L]
0
el (]
-
[v1}

O ORI B | Y (oY ]

T ST, Y RN g
Lo Ja =) s =) @0 D 0D L e o0 G Q0 Oy D e

p
o)
4
Kl
5}
4
9
[
o
k)l
1

SO e Ul SUN VU (ORI e i OV Y 1)

[ OF SR I NN Y T L Y LY Bt I <1 4
ISR O OO & BRSBTS VO R S SR I SO v I U I Ut B B

.3 g

CIN G e D e 00~ b Gr o 00N e D G) D T O

RGO PSR B LN 2% T S -

3
[
4
4
)
]
3
&}
3
[
]
S
B

-1

=3 e o = O 00 T R o ) QD
VO IR NI I N OO I U o i U O i < B

[V R N S SR

OO RO L) WD G L T e L) 00 WD DT
[ VRN B BV O S o)

S NN U D D0 LI WD D
SR I ST T I SRS R O B (V|
Q0 Q0 S ) L D P DR R )

W@ W E W

[\ ]
O b

-
R

O o= (N &~ s T =g D00 i) 20— )
F N
0

5
e
2
]
4
2
3
3
£l
5
5
3

LA RHACGM - AL
P N O W N
o P S = A e

PO W W~ N
-4
N

o
LrX




H-Field,

[N O R PR

TR W I P OV

R I R )

| )

n

")

—

e da O = Ny

")

Gl LR o o [

100% A.M,

D OO v ]

D ¢

[ QOO QNI Ll (N

3 o

I RO IR D I T

<
S
-
7

<

[T R O e ]

=4 an

v
»a)
2]

[T I B A | IR Rl TR SV Nt L I SN - | B -

)
s * & & e @

3. Y

fooo Ty s

Ll ? Ul Y v Y ¢ B W N I B Uy s B e B o T I e S S PR |
e .

TP e D oes e

. e fa -
[

SR

[0

by O

11)

W W@ o &0

i B BEV O (8 BV OO\ (8 SRR It ]
- W )W

[ UNRN I <8

PR

. =

-
a2
e
DR
c -
. oL
-
P

o

N A B R R

L) BCR » PR S| Y OF

LoD 0y g 0 P OD 0D e )T O

D A -l 1]

Do C I I 1)

— D Ty G = e

=)

“3 T n

N e N

- e 0D

o gD

"

O

FAY BN RN

A

R

U

Ny D

-) 4

L 1Ty

o

LY SOy BN (I et B

B84
9977
EEed
7445
EER
IR
R
FRcicl
8223
v3ae
EEL1S
224
ELCBN
4S2E
24328
12192
Sz
417e
az
2152
YE3Z
215
211e
541
SEE
£

@

D
Siel
SET3
% BRI
1191
T44E
1a8zz
KRS
BED
3891
454

3
@
o

aTaE
1857
S14:
e
997
=T
A5
Edan




Range

Calibration, Low

.01 v/m to 1.5 v/m

v LAS T T LAOPT LA Tr— L i
<la4ﬂ4|o||.~.1.LA. 1...voLnl.n..unl»r.l.nﬂvV|o-.-.1tn.“|.:|.||4
- -t - - - b gl S e - e -
N A crTse net -y
e v e -..‘JrAnlL.1.|. |||||||
1, L
B NI
[ . )
Cote e L !
0 ! '
. X .
¥
L)
B}
'
L
-
'
:
L}
N [
' » I
FIR PP R ) PR SN N R
Uty ) I
.-.....14..V||-.<1.L.. ..vsl...l 4
-ty L PRI | A AT P
K] b h \ 9
rnlul.L4...<J|L|1L...4T... qemte oo
B SO T S
1 J e
Lo
PR R R,
.." ..
.‘_s.clfln.lh.n..n‘. -1
v TR ‘
e
'
v -
y e
..“ ._
[
.
s b
'
(LN
t X \ PR
lﬁ-|'||L...1.L|_||| crrd-d - 1r.|~|.'-.|1|4
..Juoy.Ll_-.Y.l.u.¢ <oLnL:..|<>..|.|<|..|-
[N J..Ln|.u||7 e e--
1 }Lnﬂlnullnl v Ao -
a_t (] PR
A PR U
Tecr ]
' Lt » gt
Jﬂfr.l.-.||*l A =t - -
ot ! [ L
vt ! -1.....:...#-.:.-
P PY LS ]
pe ! ...... [
¢ '
TR [} A [ R
R ...1.7. )
R wrttl o
v ! att
PRI NI
PR !
L N [ N ] 1

19

Voom

E~23

FIELD STREMGTH
UREMENT FREQUENCY= 3@0 Mhz

MER!

5]

§

E-Field Probe

Modulation (for reference only)

o,
&)

50

of 1

Run 1

H NGy L ININD3G A

A E

~

a




E-Field, 50% A.M.

FREGUENL Y= 3098 Mhz

LEYEL v/m

-
WD e

[

.-,_.,A._H._..
— e
e 4

bt

ba ra bt e pes s pek s pa e s
. .
T 0¥ o= Ty s T, -

'

RSN, NSO TN B S SR

[ OO SOOI R OO OV O T IR

mmm

TUREN: BN Y EEFYRCR I) (REY O S R

DR s S (RN CRR TS B DU (O U T

| U CRCRS COCRS LS

EYYRRN I SO =r Ay Y »A —
mmmmMmm

[
D

<
=
=
el
-

o,
%

b

|
]

i
e

.
IR P RN
T fa Ty o )

o
)
@
i3

]

E
E
E
E
E_
E
E
E
E

O SR I TR BT S X T B TV
B S OO s 1

DOCEY O
D L
(I
1
=

4=

D
DOCHESY IR I SN R Y KR ]
PRI [ 2 SO O

PO A

1

S T S O O A T e e T S i e e e i e i e e

FERDIMNG

E-24

Hz

STD DEY Hz
1.03942332S52472

1.3S53403295 34
1.85403%29% 243
1,35403255 29
1.99409255 34
1.4 :

1.
1.

._....
e s s e .
DO T D O S

bt b= pa b= ea b
)

v e
)
o
A
o

.BS40325
.B540325
S

[

[\
[
F N
L]
0

SR LU AV

n 1;1 n

LRAS3a92

s

N

LASIRAIZES.
5
)

[ {

[ S P

@5483z

—
-

W) D G

F O TR N

(U O VY]

e
o
N
$a
[ux)
)
o
wn

o i

LERYY BN
)

—
N

A5492258.
QAS4BI205:
AS4B325T 3¢
1.9548925%3432
1.854932558342
1.,95499285243
1.954823255343
1.AS4R3255342
1.95483295345%
1.954922953473
1.05409255342
1,.85489255243
1.954R23255343
1.,894Q32952473
1.0540925534 %
1.8%483255342

—
i 2%




E-Field, 50% A.M.

1.95489255343
1.95483255343
1.9549925534%
1.@54aﬁ25.34J

95409255343
1 05403255343
1.954@9255 342
1.@54@925??43

CERT-ELLE
1 05407255
1.054892553
1.05485255243
1.95409259343
1.85483255343
1.BS4a9255342
1.0540329534%
1. BS4R3ISS

DN IR O A B 1)
O LV I ORI LS T COCRN L (I 8]

s
1y G

AN IR B B B s P x (R I : SR PR A B R BRX) JER ]

1.854072S
3. 1.8540%:295
A, 1.8548929
. 1.@ 46”“?

CRERY BTN CUNCOUNE RS I O Y #Y)

Pa b e e b e A e et e e b b b A e e b b e e e e e

o

-4

[ SOUNEY CREN IS o8

1
E
. {2e b ¥
S44 ST 1.8

TiT4 | 1.16¢

1a43 .9 LT
. 1a74a .7 1.895 ol
. aeaT 11.5 . S92 9

4a1s 12.7 1.15 =

b 15 1.4] S h
. 15 1.4 SATEQILTE el

a7 1207 1.251eR5S
. 1221 1.7 1.859324390545
. 1588 =3 LBEEEERBEBRER
SSE2 27.5 . 8498365395932
. 3359 28,3 1.85924238546
. A3Isd 32.2 1.12529242425
. S2vT 25,4 LIEERILITEIBTY
. FRSTL 39.3 1.251665557
1531 43,4 LE432748427
. "5 47.7 «A488332939%5
. w19l S2.79 1.237832031941
. 23214 S2.2 1.93273555895
. 3129 £3.9 . B4983658539¢
132339 2.5 1.9801234497

. "eadn T4, 4 1.839738653961

E-25




E-Field, 507 A.M.

Q]

5 1.17373779873
1 1.37232031341
] . 913928533472
1.1352924243%
1.75113847152
1.9592433054%

4 O

Dl YR A R WY ]
S J0 T

s

o0 s PP

MUN RN U =

v
Bl
1
4
3
{
%)
S
]

O A I P IR VT

- = -
ey
593
Bl
]
Et
S35
St
187
Q37
S79
]

fu]
5
3
<
3
e
2]
-
7
-
.
2
=
-
)

T e 0 &

Sk

B =2 1.23685393772

178 148, 9 1.683329%39
L4132 13 152, 5535435
L9428 213 185, 2279553
L341578447 17e. (554534
R 131, BEEE393
LATIIT2E Za4. 22T2EBI3
EEn 1 2 337Zes8?
LSRR RLTE : 02338672
.5 = Sv. 6229551
. G 3 TT. 94342411
. S z 23, 244128723
. 1 13, 263391 43

2 4 a 3TE1S

&

RO CONLCCY )

o= D Oh T —g iR e
FRN OURRY W) OO OSEDCR Bd g

D) da da = md LN em e mg e DD O) fe BP0t B B3RO D g )

IR B BT ST JR ) [ NN R SO SRRV PE I LK LR QU (5] |'-4_.
‘
[ SRR I IO R RS I VT, RN BV R0 B B

oo ) e N D e B fa B fa 0 e LN 0D e ) g e g T

. E . 52 4

s 21TTRICBES
. B ] vTRC1 394133
. B =5, 54131

. T 5 22, 1333316
o7 129 ZN AR23111405
A (RE 53, S113Ra715:2
T a7 14, EESETHEIE
= ER] 9. 1402226775
. 1 By, T,429981 2401
. E So, 4,329632412%°

. 212, 4,9293510

. ZE9, 4, 3320%5199;

. 2l 254, 4, 3TETREaL

1 21,9 R.59102pz2%7el
1.0 = 19SS . 4,9@335132473S7
1.a7 o3 1134,7 4,594725242074
1.18° 29 1133, 2 S.OP2ER220127
1. 148 3 K] 4,738 3128
1.1 4 P 5,442 nas1d
1.2 va 1 ) 2T
1.2 9 T T 43736
1. 21 i1 £ h A4
1,324 2 3 7 BT
1,41 293799452 : e ERSTS
148217717442 B TvavH
1.%1z25: TZReS
1.S5575 i ITRsa
f.e213t S S1eT
{.&a7220 = bl S
1,778 1 TS
1. 722w { TR

E-26




"Ill"""""""""""""""'-"'-llIlll-'"""""""""""‘- |

E-Field, 50% A.M.

— s L rA

13.218253372
15.318127357
15.656701884%5
17.7275679849
17.5654332268
21.5223398151
18.36665364187
43.1748662893
44,99675000538
24.7691564474
T.777459831038
5.88873406615
19.378358237
15.2202343823
13.135772z2823
22.45514046%98
18.6373322645
28.7326759397
31.5385847922
33.2714425421
35.143515286
34.3453085356
Soas 33.215781727¢8

[
5
2

Lo}
— s

WV URNE R S AT 1)

L T

]

A oD e
e g

(RO RSP

Q

-

T Jo e X

..
DX
« o =

URES CRRR Y s |

. N
.
I i

O Gl & AU @ Fe Bl T T (00 G~ &= O Ty O

LTORRSY B B N (8 I ROCRNOCN DR (R SR AV A IRV R IRV I O (R |
D7 R R R L aiUU Y R v R IV I N OB B I (O PRV o 1)

USSR ) R B S I R O R B R [ T S GOt Ny PR |

4]
—

[ 907 RRY VN SR OVI | IERCR (5 s PR I (B K 8

E-27




APPENDIX F

COMPUTER PROGRAMS

F.1 INTRODUCTION

This apperdix cortairs listirgs of computer programs
used during field mappirg to acquire ard process data
from the field measurement system.

The programs are writter ir Hewlett-Packard
Compatable BASIC, level 1, ard were excuted or the H.P.
model 9845B desktop computer.

The programs are desigrated as file rumber 1, 2, arnd
3. File No. 1 is a brief utility program which upor

marual commard allows a series of 10 probe readirgs to be
acquired and printed. File No. 2 provides for complete

automatic corntrol of probe scarrinrg operatiors, ard

results ir a printout ard a magretic tape file of all 73
measurmert grid data poirts ir ergireering urits. (ie.,

in volts/m or Amps/m.)

File 3 provides for corntour plottirg of the data
obtaired from File No. 2.

v




vy

18 EM THIS PROGRAM I3 A UTILITY PRCGRAM TO ACOUIRE AND FROCESS DATA FRUM TRE
hpS200E FREVUENCY COUNTER.REF TEST PLAN:FILE NO.1{
28 OH KEY #8 GOTOD 140

3
4
S
(3]
9
1
1
1

]
9
1

Do

QFTION BASE 1

DIM Frequ3@>,Meantion:,5td(1007 Error(100),Labe1$(70)
FRINTER 13 1&

I=i

FRINT "THIS FPROGREAM WILL TAKE N HUMBER OF MERSURMEMTS AMD THEH"
FRINT "FIND THE MERH STANDRRD DEVIATIOIH AND STAMDARD ERROR. "
INFUT "HHAT I3 H THE HUMEBER OF MEASURMENTZ ", K

FRINT “TO START FROGREAM PRESS KEY #Ke"

DISF “WAITING TO START"

GOTO 11a

STOF

INFUT “TEST LABELY",Label$

FRINTER IS @

FOR I=1 TO K STEF 1

DUTPUT 7171

EHTER 7iF¥;Freqdl.

i

OO O

i

LR

T= PSTART OF THE MEAN CALCULATION

=7

FarR I=1 TO K =TEP 1

Z=Z+Freqiln

HEST 1

MeaniJ =2k

T=0 'STRART OF THE STD DEY., CALCULATION
FOR I=1 TO K ZTEP 1

T=T+.Freqilr-MgancIsi~2

HEZT 1
ERS- LN
Ervore]
FRINT
FRINT
FRINT
FRINT Label$

PRINT

FOR 1=1 TO K SYEP 1

PRINT Freq:l>;

HE®T 1

PRINT

FRINT

PRINT "MERANM STD DEV STD ERROR"
FRINT

FRINT MeaniJ:,5tduJ),Error(l)

FRINTER I3 L&

DISF "READY FOR MEXT READING®

GOTO 460

EMND

(T k=120
Sedo Ja o SORVK
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HE MAIN FREOGEAM FORF EM FIELD MAFFING.REF TEST FLANIFILE HO.Z

FEM THIZ 1< T
CALLED “"MAF“AKHD I3 FOR LMW RAMGE INITIRL SCANHZ
1e

REM IT IZ
FRINTER I%
FRINT " THIS FROGEAM IS AH RUTOMATIC SCAMHIMG FROGREAM FOR EM FIELD MAFF [HG

FRIAT "CDONSULT BHRE REFORT HUMEER EEFORE USIHG., "

OFTION BASE 1

:Hl‘lF'T Rz ada L= R
Flogaar, st

[IP Labe V10201, Lab»l (28], Labe 1 3802300  Hame$ (58]

IoH #1 ToO "DHTH“

TGN #2 TO “Low"

IGH #3 TOo "HIGH"

TG #4 T "HLOW®

AZZIGH #5 TO "HHIGH"

Count =9

FRINT "V ARE ALLOMWED 3 LIMHES OF COMMENT O30 CHAFARCTER S (IHICK MILL AFFER

W,EthEB},atdEPP SR FZO2A,FozZRa, Ro2aB 5o 230  Range 23

HALL DATA QUTFUT. "

IHFUT "PLEASE EWNTER EACH LINE 2F COMMENT AMD FIISH “CONT S SFTER ERCH LI

[
abe bl ,eabe 128, Label 3F

InFOT “HHAT I3 THE RECORD MUMEER IW WHICH THIS DARTH 1% T3 FE [ TORELD: (F=oo

[HFODT "WHAT 15 THE RECORD HAME FOR THIS FECORDY ,Hamef

IHFUT * T2 THIZ AR E FIELD OF H FIELD SCANTCTYPE E OF H ", 1dsnrt ¥
IF Ident¥="E" THEH Limit="
IF ITdent3="H" THEH Limyt =5
INFUT “WHAT 13 THE FHDIHNTIHh FIELD FREQUEHCY (MHzZ ™", ,Freq

IHFUT "MHAT 13 THE GENERATOR FOWER DUTPUT Cdbm» ™" Fower

FRINT "ZETUF INSTRUMEWTATION AWMD SET FROEE AT IT STARPT FOSITION®

FRINT T3 STARYT SCANKIHG PRESS CCONT KEY "

FEMOTE T1lw

LOCARL LOCKOUT 7

CGUTFUT Tio*BEl1za458" I RESETZ FELAYES TO THE B-C FPOSITION

FAULE

FRINT “HQK DOUEBLE CHECE EVERYTHING S0 vOU DOW T DESTROY THE FOSITIONER:”
FRINT “IF VOU ARE SURE THEHN FREZZ THE “COHT KEY TO STRRET SCANHHTINGS
FAUIE
QUTPUT T2 A Freg; ",k BSO. 0,1, 8" 1 Power) ", "
HALT lgaaa

GOSUE _
GUSUE St ars
GOZUE Flotco

EHD

czantOUTRUT Tl tRe” ' set pozitionner remote redae an,
FOR T=1 TO = STEF 1
Fdf I=1 T0 S 2TEF |

BUSDE Meazures
DUTELT 719 "R
WRIT Sae

A
GUTFUT TiRy YRS
WAIT 3908
HET 1
GOSUE Meazars
JIATHFUT T1a; "R
MATT San
QUTFUT T1ay B4
WRIT 23594
HET T

e




A
DA

FOR ¥=1 TO % TEF 1
FaR I=) TO 1a STEFR 1
Gias b z
QUTFUT T1a; "KL
WRIT S86

DUTRUT Ti1@;*BL"

oo

CRRVONES « Bt B PR Y 2N
= R

—
AR

LY L LY

a
-
=
xI
—
—
—
-
'

&
X

HE-“T 1
LSOSUE Measure
IF ¥=5 THEN §
JUTPUT Vi@ "Rt
WRIT S@a

o

[ SR I STV OO
[

QUTFUT
WRIT 11
HEMT T

DL e PO s S s SR SR SR B
A

163 B3
i

.,

-

33 Looal: LOCAL T
Taa FETLEREN
via LTOR
Tl Meazure:  REM THIZ SECTIOM READS THE S280B AWD DOES SOME STATISTICS
Ton Countsount + 1
749 Farnge Count v=1
BT =10
Te FOF =1 Td 1a STEP 1
Y DUTFUT 7171t
TEd EHMTER T173F2ck
T HEST H
s 2=9 FSTRET OF MERM CHLCULATION
=R Form k=1 T2 19 STEP 1
CR RN A

HEVT H
FeadtingeCount 120K
TE = adingr CountrxLimit THEW GOTO
IF wwadingdCount2=9 THEM Readingilount i=1
T=4 t ZTRRT OF STRAHMDAD DEY

FOR H=1 T k STEF I

99 T=T+ F2eHr-ReadingiCount )12

EOL HEAT H

310 St Coumt SR C T 0 K=-190

Sz JUTFRLT Tli:‘; npE

EELY GOTO 230

W3 areht  IF RangsrCount =2 THEN G0TO 268 0 IF ALREADY OH HIGH FAMGE FETURN
asp OUTFUT Fi@:"AS”
1] Fange Caount 3=32
3T WAIT {000g
A SOTO 7SO

EEN FE TR

Lag eocooey FEM THIZ ROUTINE STORES THE DATA OH TG MAG TAFE
1id FRINT #Y RecordjHame$,Readingisr 2t dis) Fange x>, EHD

[y s Wl TR

BT v wrar REM THIS 12 THE CONHTOUR SECTION

San THORT Well, 110, vi i, i, Datacll 1l ay®lane @ Wl inetdr Cantour CLAY (WOGD
3 SULUE Grad

Iveg GODSUE Datay

tere GOLUE Prant

1822 GOSUE Sort

{9y GosUEe Fibd

1199 FRINTER I3 (&

1118 FRINT "WHAT RFE THE YALUES OF THE CONTOURST vOU WRAWT To ZEETYENTER @ Rz LHR:S
T UHLUE "

1120 FOR I1=1 TO 1@ STEFR

1120 ITHFUT “"CONTOUR VYALUE=",Contour i ]

1140 IF Comtow [h=8 THEN GO0TO 1169

1156 HENT |

11en Coanma =1-1

117 SOSUE De an

1130 SOLUE Cantour

b0

)
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DD
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Do

1330
ta4a

ROSUB Label
FRINTER IS 1&

IHPUT "DO ¥OU WANT A ARRD COPY",A$

IF A$="YES"
PRINTER IS ®
FRINT LINCS),"CONTOUR “ALUES=";
FOR I=1 TO Conmax STEP 1

FRIHNT Contourdl>;

NEXT 1

THEHW DUMP GRAPHICS

INFUT DO vOU WARNWT TO FLOT MORE
IF B$="YEZ" THEN GOTO 1140
RETURN
STOF
EMD
Draw: REM THIS SUBROUTIHE DRAWS

GULERK
FRIMTER IS ©
FRINT FAGE

GRAFHICS

LINE THFE Z,2

DEG

LOCATE =29,328,20,89
SIDALE B,%,0,%

M=1

FOR M=1 TG 11 =TEFP 2
MOVE SoM M ik, M
DEAW HoiM, 11 viNg i1
HEST H

H=1

FOR M=1 TO 11

STEF =2

MOVE S OH, Mo,

DRAK =011, M, e

NEXT M

M=7

FOR M=t TO 11 STEF 1§
MOYE HiH, Mo, ¥ OH MY
DRAKW 0H, 113, fiH, 110
HEXT H

H=1

FOR STEF 1

M=7 70O 11t
MOWE HiH, Mo o, M
DRANW K11, M3,%i11,M0
HEXT M
RETURH
STOF

D F TN T
GRAFHICS
LIME TYFE 1

FOR I=1 TO Conmax STEP I
FOF M=t TO 19 STEFP 1

FOR N=1 TO 18 STEP 1

L=1

FEM THIS SUEBROUTIHE PLO

CONTOURS?LTYPE YES OR NI, B

THE GRID

TS THE CONTOURS

IF ‘LontourcIvi=latait, M0 AND JContourcls Tratack+ Moy THEN GOTO
IF 7Contaurs Iy =DaradH, M AND Cantourc]r:Datacl+yl,May THEN GOTO
IF vContourclo=DatadH,Mr AMD cContours T2 Dataci+el, My THEN GOTO
IF ‘Comtour oy =DatacH+l Mr AHND iContcour el Data M+ M+l o THEHN
IF sQorrourc Iy "=DararH+1 M0 AHD vContour cl v DatacN+1, M+l THEH
IF ‘Contouril )=DatatH+1,M23 AHD Contourcls: :DatacH+l, M+l THEHN
IF L=3 THEH GOTD Rlot

IF ‘Contourclrz=DatacH+l ;M+1 v AND ‘Contour il DavacH,M+1y THEN
IF iConrtourclr.=DatatN+1 M+11) AND (Contourdls:DavacN,M+el:s THEHN
IF ‘Contawrili=Data(H+l, M+l AND (ContourcId< :DatarH,M+10: THEN
IF L=3 THEN GOTO Flot

IF iCortourclrs=DatadH,M+10» AMD v‘Contourclr<DatacH, M2 THEN GOTO
IF ‘Contour Irx<i=DartadH,M+i: AND CConmtourcly:DatadN,Mir THEN GOTO
IF 7Lontourilr»=Data‘N,M+123 AND «Contour (I <:DatacH,M> THEN GOTO

F-4

F i
F1
F1
SOTo
SOTO
SOTQ

GOTD
GOTD
GaTe

Fd
F4
Fd

£l

Ll

Pl

Pz
Fx
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AR XA PURNACIE (SR SO I (X LSO O CRO O 8 B i e -l U o o e ]

1.2
o
N
=

B RS LI I ST ROV R N I n eI Y SRR ORI S o YRS WY (st B> YITOL B S B O U

P
OSSO DD DO DS E DD DD G

T (WA )

SRR N NI WL W ORI VRN OV (VI SO OV AR VT VI (U LV (%)

[ N0 VO 5]
W W
3 O
oo

&390
TRPE
249i
€419
2428
2430
2440
2450

+LaYiHeD D

IF L= THEd GOTO Flaoy
HE-T N
MEST M
HEST 1
RETUURH
STOF
AtineiLi=ABSciContour I -DatacN, My (DatacN , Mo-Daralth+i Moo= ilel o~
A0 S ]

Yitne L eSO M
L=L+1

GUTD 1748
For ¥line Lo=RESd iCaontoureTo-DaracH+l, Mrr s dDatatN+L , Mi-Dataitl+l M+lr iy
TV O+, M)
FlimeilLasRiH+l MO
L=+l

SUTo
Fae L v=E-ABRSCIDontour (I -Data N+l M+t s iDatadN Mel2-DataiN+ [ MHep s e
VL MR L e e, M)

TlymecLi=v o, M+t

L=L+1

GOTO 1318
Fa: SlansiLa=-RAESC(Contourdla-DatarN, Metd i (DatalH, Mel i =DatatN M%7 cl, M+
CHe P2 oy T ML

SYinmerLrsHOH, Mel

FEIRTER 19 @

L=L 1

SO =S

Fiot: REM THIS SUBROUTINE DRAWS THE CONTOUR

MOYE < linsuls,Ylinedtl

ODESE iame 2 Ylined2a

SUTO 18eE

2 TR
SGedr REM PROCREAM TO LOAD VYALUES IH X,Y MATRIX
V=g
FHP J=1 T t1 STERP U
1=
FDP I=1 T 11 STEP 1
kl Y=kl
Al=H14.5
? 1. Jr=v1
HE=T I
Y1z =1, Jr+, 5
HE:T 1
RETURH
STOF

Sort: FEM THIS SECTION SORTS THE MERSURED DATA ARRAY INTO THE MATRIX
FEAD M,M,L,5,1

GOSUE Load

IF J<+11 THEH GOTHD z27@

FETURH
Load: [=1

FOR #=N TO M STEF L

Datacl, Jr=%Y(KD

I=1+5

NEXT K

RETURN

STOP
Data: REM THIS SUBROUTINE LOADS THE RRAW DATR INTO ¢

GOTO z42a ' THIS JUMPS QVER THE NEXT LINE DEL IT IF vOU WANT DATH FRON

READ #1,FscordjHame$,Reading(*:,Std(#),Range(*
[Ff ldent$="H" THEN GOTOD 2450

RERD M2 Fu#),50#),F(%)

RPEAD #Z;F1isn, S1C*), F1osD

GDTO 2428 .

FEAD 84, Rz, S0y FoxD

F-5




FEnD #5;F1 s, Stuies Flo+s
“RINTER IS 0
FFINT PARGE

| QX X
&
-3 T

L

S99 FOR I=1 To T STEF 1

2908 IF Fange ] =0 THEN GOTO Lo
2919 IF Fangedl:=2 THEW GOTO High
z 5}

Low: FORE J=1 TO 139 STEF 1

IF "Reading: It =FiTos AND ‘Readinge I32F T+l THEM GOTO Yalue

29349 HEXT )

2938 PRINT "WALUE OF DATA IW SI0AF FREGD. HOT FOUWD OM Lok LOOE UWF THELE"
2S9ed FRLLT UWALUE I3=",Readingcl

2579 Vol =4

Z9Ea QuTo 2740 VR0 TO HERT 1

Valugl MELGT RO T+L - ROT 0 SLGTOF YT+ o Fo 0 ' LIHERF ENTRAF,
E=LGToRy Joa=MsLGTiFe Tan
Woelo=10 oMl 3T Resgdingr Iaa+RD
LOTO 2748

Hight  FOR J=1 T 133 STEF 1
IF 7ReadingdIsi=F1oTrr AHD ‘Readinmgul o F1oT+10 0 THEH GOTO Yalued
HEST T :
FRINT "wALUE OF DATAR IW SZ80F FREQ MHOT FOUNMD IWM HIGH LOQOE UF TRELE'
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APPENDIX G

OPERATING AND MAINTENANCE DATA
FOR EM FIELD MAPPING COMPONENTS

G.1 INTRODUCTION

This section contains a descriptior of the
measuremert system operating procedure along with
schematic diagrams and parts lists for the probe sigral
corditiorer, the optic link receiver wurit, ard the probe
positior control unit.
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G2. OPERATING PROCEDURE

This section contains a degcription of the
measurement system operating procedure for the probe
signal conditioner, the optic link receiver unit , and
the probe position coatrol unit.

The probe position controller causes the probe to
scan in a fixed scan sequence, therefore, proper setting
of the probe starting position is extremely important for
correct scanning operation. The setting of the probe
start position 1s as follows:

1. Loosen the two screws on the probe carriage
so that it siides freely on the thread.
This step need only be done for the
initial setting up of the probe positioner
or when the thread is replaced.

2. Turn Probe Position Controller ON and push
the Axial and Radial RESET buttomns.

3. Check that the LED in the lower left
hand corner of the position indicator
matrix lights.

4. The motion in both axes will now correspond
to the settings of the radial and axial
direction switches. These should now be
set to the positive direction.

5. Move the Axial carriage (using the .5cm
or 1 cm buttons) such that the back of
the motor is 1/8 inch from the back
support plate. Note: The reset switch
can be used to stop the actuator motion.

6. Move the Radial carriage to the point
where the carriage just touches the
brass coupler.

7. Move the Radial carriage off the brass
coupler to the point where any system
backlash is removed. Note the direction
switch must be in the positive or
middle position.

8. Check that the Radial carriage is no more
than 1/16 inch from the brass coupler.

9. Push the RESET button on both the Radial
and Axial channel.
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10. Move the probe carriage so that it 1is
3/32 inch from the side that the scan
will start. (The side is detcrmined by
how the thread is installed, check this
by tracing the thread routing.) Tighten
the plexiglass mount to the teflon slide
such that the thread is pinched between
them.

11. The probe positioner can now scan the 73
positions indicated in Figures 7 and 9 by
actuating the 1 cm and 0.5 cm step switches.
This must be accomplished in ascending
numerical order from position 1 to
position 73 in order to obtain the highest
possible mechanical positioning accuracy.

In this way, the probe carriage is driven

by the thread-pulley system in one direction
only, minimizing the effects of friction and
backlash.

12, The Probe Position Control Unit automatically
changes scanning directions at the grid
boundaries as manual scanning proceeds.
Accordingly, the scanning sequence described
in Step 11 above should be followed exactly
to prevent the probe from getting out of step
with the indicated position on the light-
emitting diode display, and to minimize the
risk of probe damage.

When performing manual measurements observe
the frequency counter output to determine
over-range conditions and change the range
switch on the signal conditioner accordingly.

When a scan is complete, the probe can be
moved to its start position by following
Steps 2 to 9 in the instructions for setting
probe positioner start position.

Automatic Control of the scanning and measurement
process may be obtained through the use of the IEEFE 488
bus~-controlled relay actuator (H.P. 59306A). This
allows the Probe Position Control Unit and the Range
Switch on the Signal Conditioner to be computer
controlled, and completely eliminates Steps 11 and 12
above.

A Measurement system used to automatically
map the electric and magnetic fields within a c¢ylinder
and missile nosecone is illustrated in Figure 6.
The connection of the H.P. 59306A Relay Actuator to
the Probe Position Controller is given in Table 3
following.
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TABLE 3

LIST OF CONNECTIONS FOR REMOTE CONTROL INTERFACE

H.P. 59306A Relay Connected to Probe Position Control é
Actuator Terminal Unit Circuit Designation (Ref. Fig.lB)i
|
) i
Al (Normally Open) N.O. - 1
Bl (Normally Closed) N.C. -1 i
c1 (Common) COM |
A2 N.O. - 2
B2 N.C. - 2 {
c2 COM
A3 N.O. - 3
B3 N.C. - 3
Cc3 COM
A4 N.O. - 4
B4 N.C. - 4
C4 COM
A5 For pneumatic actuator coil
BS Not used I
C5 Pneumatic actuator power supply i
A6 Local/Remote coil !
B6 Not used :
Cé External +20 vdc supply j
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Vee
Fuse 1
115 Vv <-f\)q o | o0+12 VDC m:;r
ower 3
S0Hz _Neur. | Supply 0+5 VDC (Vo) ags Z 4 8 |y
Mains IOCommon > 6 3
‘_G_NH = ct c2 o P———n
5 1
= .01 T
1 External Connector = Clock Circuit
for Remote Control {Common for
of Control Unit Radial and
Functions +Vee Axial Motion
ﬁ: 1c2 Circuits)
R3S ———
NCA) Ne3 1 o2 s
( NC-3. | 0.5 cm j;' : l B
( = — S-1 | i 2
(NO' |) NO3 | epe c] , Iq ! 1/4iC3
| 1 '
>
| R4 i: | !
+V
= ) RS ;—o lcc :
I I D 1’11,12| . 9
(NC‘Z) NG4 j =t L0 )
| ‘ e, | i 1/61C4
® ! | 6
(NO2) Nodlar i P ~c
’ b '
(poa)  ravucl R6 i {
) K-1 1&_0 W l
2 ) e I
Z R73 .} 1 1/61C4
coMmi $-s ! 13 N 12
' ] F 13 r——Do——»D
T [Rem | '
ese
| ] -3 ) :
|1 S | e
l‘i 14 ) i
|
! R8 {
' ' > L—-—d
: I k-1 Ve
| | Local/Remote pg
l | Relay
i H g —F
LJ Direction S—4
Switch

* Note: Circuitry for radial motion is shown, except where indicated. Circuitry for axial motion is
identical to that shown for radial motion.

Fig. G-3 Sheet 1 of 4 Probe Position Control Unit
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Radial Position
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IC12__ g
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4 3 B 22| Channel
3
A 2 c .
r 1 b 20
0
2 10 6 2
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3 9 13 3
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23 |22121] 20
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D
u/d Load =
5 1
— M
X —<N
< H
—» 0

Fig. G-3 Sheet 3 of 4 Probe Position Control Unit
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PARTS LIST

ELECTRIC FIELD PROBE

Diode Zero-bias
Schottky detector
diode

Corductive Plastic

Conductive Epoxy

G-11

Microwave
Associates
type

MA 40230

Case style 120

Polypenco
Conductive
TFE monofilament,

0.030" outer diameter,

insulated with
nylon sheath of
0.005" wall
thickness

The Polymer Corp.,
Reading, Pa.
19603

ACME E-solder 3021
silver epoxy

ACME Chemicals and
Insulation Co.,

Div. of Allied Products

Corp., New Haven,
Connecticut, 06505




PARTS LIST

MAGNETIC FIELD PROBE

Diode, conductive plastic,

and conductive epoxy materials are
identical to those listed for the
Electric Field Probe

Wire Used for Coil:

Belden #38 AWG
Magnet Wire




R1
R2
R3
R4
RS
R6
R7
R8
RS
R10

R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24

PARTS LIST

"SIGNAL CONDITIONER

All fixed resistors are 1/4 watt, 2% tolerance,
film types, Corning Glass Works type FP55 or equivalent,
unless indicated otherwise.

KESISTOR

RESISTOR

FIXED

VARIABLE

FIXED

T
"

"

G-13

10

4
4

91

20
20
10
10
10
50

100
6.8
100
3.3
130
300
20
15
20
20
10
6.2
22
300

Mohm
Mohm

ohm
Kohm
Kohm
Kohm
Kohm
Kohm
Kohm
Kohm

Kohm
Kohm
Kohm
Kohm

ohm
Kohm
Kohm
Kohm
Kohm
Kohm
Kohm
Kohm
Kohm

ohm

l 1/2Watt, 2% IRC type

J CGH=1/2

Bourns Trimpc:
3006P-1-503

Model

-,




Cl

c3
Ca
C5
cé
Cc7
C8
C9
C10

Dl
D2
D3

Q1
Q2

1C1
1c2
1C3
1C4
1C5
1C6

S1
S2

J1

J3

Bl

B2

CAPACITOR, FIXED, CERAMIC, AXIAL LEAD 4700pf, 50v,
" " " Lo 4700pf, S50v,
" " POLYSTYRENE 0.047uf,60v,
" " " 0.047uf,60v,
" " CERAMIC, RADIAL LEAD ,47uf,50v,

" 1 ” " " -47Uf,50V,
” " t " " .A7‘Jf,50v,
t " " " 1 '47uf,50v,
CAPACITOR, FIXED, CERAMIC, AXIAL LEAD 800pf,50v,
CAPACITOR, ALUMINUM ELECTROLYTIC 15uf,50v,
DIODE, SILICON IN 914
" " IN 914
DIODE, LIGHT EMITTING HP 5082-4855
TRANSISTOR 2N3904
" 2N3904
DUAL BIFET OPERATIONAL AMPLIFIER LF353N
DUAL 3TFET OPERATIONAL AMPLIFIER LF353N
OPERATIONAL AMPLIFIER MC 3403 P
VOLTAGE REGULATOR +15 VDC 7815
VOLTAGE REGULATOR -15 VDC 7915
VOLTAGE TO FREQUENCY CONVERTER,
ANALOG DEVICES 545
SWITCH TOGGLE DPDT
SWITCH TOGGLE DPDT
CONNECTOR, BNC, MODIFIED
JACK
JACK
BATTERY PACK 16 AA CELLS, NICKEL-CADMIUM
MALLORY TYPE NC-15
BATTERY PACK 16AA CELLS, NICKEL-CADMIUM

MALLORY TYPE NC-15
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OPTICAL LINK RECEIVER UNIT

NOTE:
(Resistors R1-R5 are Corning Glass Works Type FP55
or equivalent)

Rl RESISTOR, FIXED, FILM 430 Kohm, 1/4w, 27

R2 " " " 430 Kohm, 1/4w, 2%

R3 " " " 430 Kohm, 1/4w, 2%

R4 " " " 130 ohm, 1/4w, 2%
RS " " " 130 ohm, 1/4u, 2%
C1 CAPACITOR, FIXED, CERAMIC,RADIAL LEAD, Q.47uf, 107
c2 " " " " " 0.47uf, 10%
01 DIODE, SILICON ZENER IN751A

D2 " " " IN751A

D3 PHOTO DIODE RCA €30808

ic1 OPERATIONAL AMPLIFIER MC3403

1c2 DUAL NAND SCHMITT TRIGGER 7413

S1 SWITCH, DPDT

J1 JACK, SWITCHCRAFT 3501FP

Bl BATTERY, 9VDC ALKALINE

B2 " " "




PARTS LIST

FIBER OPTIC CABLE

Fiber Optic Link 20 Ft Length
Part No. LP-20

Instruments for Industry, Inc.

151 Toledo St.,
Farmingdale, N.Y.
11735
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PARTS LIST

PROBE POSITIONING UNIT
QTY DESCRIPTION PART NO. AND SUPPLIER
2 Stepper Motor Airpax K-82221-P2
with 10:1 Reduction
Gear Cheshire Div.,
Output Step Angle= Cheshire Industrial Park,
0.75 Degree Cheshire, CT06410
4 Linear Motion Bearings Thompson Part No.
for 1/4" DIA. Shaft. A - 4812
Outer Dia: 1/2"
Length: 3/4"
1 Connector Plug Amphenol Part No.
25 - Pin 17 - 90250-15
2 Connector Receptacle Amphenol Part No.

25 - Pin 17-80250-15




Cl

c2

C3

RL, 2
R3 - R9
R14-R16
R10,11
R12

R13

1C1

1Cc2

1c3

1C4, 15,
ics

1cé6

1c7

1c8

1¢9, 10,
1C12, 13
1C14
1c17
1C18

NOTE:

PARTS LIST

PROBE POSITION CONTROL UNIT

CAPACITOR, CERAMIC, AXIAL LEAD

INTEGRATED CIRCUIT

" 1"

16 1" n

11 " "

STEPPER MOTOR DRIVER
+5v SUPPLY REGULATOR
+12v. SUPPLY REGULATOR

ATRPAX
MOTOROLA
MOTOROLA

0.01uf,50v, 10%
0.01nf,50v, 10%
0.1 uf,S0v, 10%

470 Kohms,

1 Kohm,

1 Kohm,
200 ohm,
390 ohm,
100 ohm,
LM555
SN74279
SN7408
SN7404
SN7474
SN7476
SN74151
SN7427
SN74193
SN74154
SN74191
SN7406
SAA1Q27
78 HO5
7812

Resistors Rl to R 16 are Corning Glass Works

Type FP55 or equivalent

1/4w,
1/4w,
1/4w,
1/4w,
1/4w,
1/4w,




MISSION
of
Rome Atr Development Center

RANC plans and executes nesearch, development, Lest and
selected acquiaition programs Ain Auppornt of Command, Control
Communications and Intelligence {C31) activities. Technical
and engineerning suppont within areas of technical competence
s provided to ESD Program Offices [POs) and other ESD
elements. The principal fechnical mission areas are
commundications, electromagnetic guidance and control, sun-
veillance of ground and aerospace obfects, L{ntelligence data
collection and handling, infjonmation system technolfogy,
Lonospherdc propagation, sofid state sciences, microwave
physics and electronic neliability, malntainability and
‘compatibility.
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